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Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Dear Sir: 

The references cited on attached Form PTO-1449 are being called to the attention of the 
Examiner. 

Kl Copies of the references marked with an asterisk are enclosed herewith. 
El The remaining references are not enclosed, in accordance with 37 C.F.R. 1 .98(d), 
because the references were submitted to the U.S. Patent and Trademark Office in prior 
application Serial No. 09/194,367 filed November 24, 1998, which is relied upon for an earlier 
filing date under 35 U.S.C. § 120. 

□ To the best of applicants' belief, the pertinence of the foreign- language references 
is believed to be summarized in the attached English abstracts and in the figures, although 
applicants do not necessarily vouch for the accuracy of the translation. 

El Examiner's attention is drawn to the following co-pending applications, and for at 
least such applications to which the present application does not claim priority, copies have been 
or are being submitted: 

Serial No. 09/194,367 filed November 24, 1998 
Serial No. 09/820,584 filed March 28, 2001 
Serial No. 10/262,413 filed September 30, 2002 
Serial No. 10/262,338 filed September 30, 2002 
Serial No. 09/176,587 filed October 21, 1998 
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Serial No. 10/297,449 filed December 5, 2002 
Serial No. 10/337,807 filed January 6, 2003 

Submission of the above information is not intended as an admission that any item is 
citable under the statutes or rules to support a rejection, that any item disclosed represents 
analogous art, or that those skilled in the art would refer to or recognize the pertinence of any 
reference without the benefit of hindsight, nor should an inference be drawn as to the pertinence 
of the references based on the order in which they are presented. Submission of this statement 
should not be taken as an indication that a search has been conducted, or that no better art exists. 

It is respectfully requested that the cited information be expressly considered during the 
prosecution of this application and the references made of record therein. 



FEES 





37 CFR 1.97(b): No fee is believed due in connection with this submission, because the information disclosure statement 
submitted herewith is satisfies one of the following conditions ("X" indicates satisfaction): 

n Within three months of the filing date of a national application other than a continued prosecution 

application under 37 CFR 1 .53(d), or 
d Within three months of the date of entry into the national stage of an international application as set 

forth in 37 CFR 1.491 or 
n Before the mailing date of a first Office Action on the merits, or 

Kl Before the mailing of a first Office action after the filing of a request for continued examination under 
37 CFR 1.114. 

Although no fee is believed due, if any fee is deemed due in connection with this submission, please charge such fee to 
Deposit Account 1 9- 1 970. 


□ 


37 CFR 1.97(c): The information disclosure statement transmitted herewith is being filed after all the above conditions (37 
CFR 1 .97(b)), but before the mailing date of one of the following conditions: 

(1) a final action under 37 C.F.R. 1 , 1 13 or 

(2) a notice of allowance under 37 C.F.R. 1 .3 1 1 , or 

(3) an action that otherwise closes prosecution in the application. 
This Information Disclosure Statement is accompanied by: 

CU A Certification (below) as specified by 37 C.F.R. 1.97(e). Although no fee is believed due, if any fee is 
deemed due in connection with this submission, please charge such fee to Deposit Account 19-1970. 

OR 

C A check in the amount of $180.00 for the fee set forth in 37 C.F.R. 1. 1 7(p) for submission of an 
information disclosure statement. Please credit any overpayment or charge any underpayment to Deposit Account No. 19- 
1970. Election to pay the fee should not be taken as an indication that applicant(s) cannot execute a certification. 


□ 


37 CFR 1.97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR 1 .97(c). 

O This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(e) 
AND 

d Applicants hereby requests consideration of the reference(s) disclosed herein. Enclosed is the fee in the 
amount of $ 1 80.00 under 37 C.F.R. 1 , 17(p). Please credit any overpayment or charge any underpayment to Deposit 
Account No. 19-1970. 
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Certification (37 C.F.R. 1.97(e)) 
(Applicable only if checked) 

□ The undersigned certifies that: 

□ Each item of information contained in this information disclosure statement was first cited in 
any communication from a foreign patent office in a counterpart foreign application not more than 
three months prior to the filing of this statement. 37 C.F.R. 1.97(e)(1). 

D A copy of the communication from the foreign patent office is enclosed. 

OR 

n No item of information contained in this information disclosure statement was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to the 
knowledge of the undersigned after making reasonable inquiry, no item of information contained in 
this Information Disclosure Statement was known to any individual designated in 37 C.F.R. 1.56(c) 
more than more than three months prior to the filing of this statement. 37 C.F.R. 1.97(e)(2). 



Respectfully submitted, 
SHERIDAN ROSS P.C 




Date: 



Dennis J/JJupray 
Registra^n No.46,2'9 
1560 Broadway, Suittf 1200 
Denver, Colorado 80202-5141 
(303) 863-9700 
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fiEuoFHiEtmrnoti 

Tk jrooit invratioii h dirwttd j BttsDy n i lyittni jnd mrfliod fsr loatinj ptoplt or obfati. aaliiipirtinilar.tDijyittnaiiil 
oitrtwd for kicjtiiK i wirtta mobilt latioii Jiinj ) pluriltty of limultaiiaMilJf xmiA mobile intiiin tootioD otiinaton. 



mofmnHVEHTKiii 

Ibt prcscm imcntioii K dirttttd jenojlly to j tywi jnJ ratthMl (or Itatiru ptoplt or olijtcti, inil b juitiailar, » i lysttm and 
mnhod for bead!!; a virdct DiDbilcitadonmiiijapliiralityofinDliilcntioiitocatttiintjiiiaton. Hiir; jcntnlly, dit jnoot inrattuii ii 
directed n a conpititiiiiiil fj^ttcni ind mcttiod ^ Qlitiiitiiic ttu rctatirc pslbmuiicc oftiiiildplc modds, wtierctn adi ncli niodd it ci|ialilc 
(f bdni inivattd for pncratioi tiypottoa (tj^ ntimacn aiut/or prcdittioin} ((an inknovn amditiiia ncti at dit badoa orwirtlet niobilc 
iDtiKL Mdidonlly, the prnott inmitiaii it (Tirected n i omipittadona] tysten and Mlud lor jeixntii;; enhanced tiypothnei the 
onluiovri (ondidon. vtierdn dx model pnetated hypodiettt are med ai ipieriei Inn ai arctiirc diat modatcs: (a) liiitttnal modd jcnenttd 
liypodioci, (b) mnld in[nt dan oied b ;eneradn; die iDDdd hypsdnei, aod [c] milied liypodieiet to wtikli tbe podel inpor d»a ii knmi to 
corropond. 

IWCKfiHOtlltOOfMiJIMIOll 

Ibereiipfatinttreitiiiprtvidinj enitiiu iitiitriianrolbrmdnuoraiiiijiiiationtyitemtiridi die capability for lotatinsptopit 
anit/er otyem b a oit effective Qinjier. Such a capability would be invaluable in a nriety of litnationt, apedailr ui enwicficy, triine 
itotadDiK and nibUle ammt Iliere are immeroui ntmpedn; wirdm tea don tediotlpEict tfiit purport to e^eatvdy locate wirelen moiilc 
ttadonj (at tied herein d» torn indudn, t^, mobBt phonei, jbort memje devicei (iftl), drtmwiic coutiincr dadui? c?p, nkro-tiamcriven 
for pcmnal locadon anit/sr oncrjCDcy]. Tbeie cedinolpsief can be ;enenllr danified at: 

(a) baitdiet (cimic wherein a portion tS the loatioa procctibe >> ptrfDmxd at the uubile itadoiti, mil in pjiticutar , 
each ffldi irobile itadon pIS) inchidei ipeciafcied etectnmia tptcifia!!y for ptifomting locatbn. In moit am, mcti 
iptaaM dcttrwiici ae for deteoinj and receirin! uteflite (or more joierally, uon-teiratrai) ipli diat an 
then be used in deteniiiniR{ a kudoii of the flS. 

(b) nemrt (eotric whereb the wireleii ctmiunniodon iietwric(i) with which the fll ii hi contaa haMle lubstintiaily 
it locatkKi tpcctfic proccsib^. Ai one (killed in die tit will undcntaod. tiat arc nriout wctcu locadon 
technolDfiet dHat tre anOable inch « time d;jfcrcnce of arrival (FDOil), time of arrini (niA), tunln; advance (lA) 
tcchniiiiici, an^ tf arriril (ADA), multtptdt pactcm macchin; techntiiiin; and 

(c) hybrid ^fmn whereb there are t petiaSied hiadoa dearooia at die handtrt. but a tubttattdai amount of die 
kwttoo pnxMa'nj it perfonaed at a nmrarit tire rather at die HI An mm\k of wch a hybrid jyittm ii what ii 
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biowii It nttwrt iisBttd 6Fi fjWtim, wtiaoaefiiipialt are (tninol jttbc US (wtti ttitJiiiiniw Ktwert 
rwOTtd inliiniHtaiD) md 6B tiniin! InftnuitBii it tnoiiDitttd (ran ttit Hi to tbt nttwrt ftff poftnnfeiE f» 
locnian ampiituiiutL 

UK Hide vaiicty of wircku hiotion tcttaupis on pnrridc, soda ippnpriut dtnniitinca, tbc {bllDwiq; idraoti^ 
[i) if tlx ttchniiitiQ xtwiin mimaa, i mm rdUbIc ind itaintt virdoi tratiop ajmf aa be providnl. 
In partrabr. iriioi ai mMmt i4'Dix HTdoi Intkia tKh^ 
Itattiaitir gnjniitiic iro, aa attmottrc tnbiKrnnait [m altcnutfn ttcluiiqttcj on be ntcil n obtaia in Ki't 
kiat»n(i]. AdintMiunr. tn mam mMmm and/tr tccbnitiici an be ijfki m^mtf titatltinefltdy 
ftrknttusuHi. lattehttnroi^jloatimTOlwiiliktlifBKdcdtt 
kntintniiitatt. ll0tc,t&itv^tlKitiiinirittnN|brcDninu^ 
^nmiiq; intmotkiial ind li fim ippGcatiiHS wlitdi an cadi Inairponttil fiii by rtfcrocc bcrdn; 

i li rrDTbM ilppfiQtign Ho. bo/mJ^l fiM April z{, nj^;; 
EL m rntrhioiial AppEatun lb. bo/^m filed Angntt lo, if ^j; 
if, Intematiinial Appna^i Bo. Klpi^^m fiW fcpttnlitr i, j^i; mtitinl 'lOttnOM Of A fWllli 

STATlOtl DSIM A riOMUn OF COtmOAl MItElOt limiTtDOlim^ 
r. tottnuttoral Awdotion Ho. fOmih^ (fled Jepttmber m; entitled -UKAIBI) Of A HOBILE 

iiAnor; 

ri Di AppBatb Ho. vi/ml>l filed M 14 entitled 'UcatiDn Of A HoKle itation*; 
w. B.i. AppOatiiB Ho. t^Tjb,^ m Oa zi, iq^I tnitW "Hirdm Uottoii Spttn For (Jlilintinj HaMplt 
UiQtion Eitinuton*; 

nil D.S Patent Ko. liM Jan. u, if f<| entitled 'Loatiini of a ttstitlc Jtation Diinj A Fkinlit]r Of 

Coninicniil bitiittnctDra'; 
ti U AppDQtioo Ht. n/ifl-TiS (iW: Ajril ^ ifff ent&led -HiBELfSS LOCArtOH DMilfi HtimPtI 

mummmmmmK'-.vii 

{li] if a prtnury weleii loation ttcltnitpie ^ib [ti, due » aa etearoiia malfiinctiiui}, ttn auaptai in alRratm 
tetttniiFie ii mMt that does not nse, t^.. tiie nai^nctioniiit dtctmnia of tlie prnnni tnhniqac, tlia tbe 
ibermtk ttduii([ue OB be ned for NS koiion. 
Howcnr, the vittetrof vnelst tation ttdunqncs iraBable k alit praUemtk for it (cut the foBiiwini ttatooi: 

(1] a reiiQeit^ an nt kKitioo on re(|iiR(ttha therajneittr a imtix. vitdai IrattHi term provider of the 
gecfriphial arei vhcre the it Itkelir to be, or to cootia a toutv 
oniiDiiniatioii nctworli covcriiii die fcograpbial irca vtdiin vhidi die it ntrradr roiliii; and aointe 



(dirtctly or thn# tte ffl'i wirclH! icmtf prwider} in ipprapriatt Mrelm bcatioa imitt In tbt irt, tiit 
tttfinolojy eiuNinj wtli i totion kter apabSit/ lui bcai rtfttrtil » » j "wirtlm bstion pttway". An 
tmlKidiniait cf well i pttwa/ b Jttcribeil io tte Pa/O lu/ijlii f tftrtnct idcntilial Jimc; 
(b) (iff CDnummjatHm imirlcj rtlyii? tn lumjitt (tntrk and/or hjrtirul ijiMiii (or fIS kratiin, fKi rHniinj jroni 
nmwks niuij onJf nflwort ttstrit loatunQiHlijrittHwilliMynnluvcttKiiitralizBl dtctronio oeeilei fiff 
litinj Inattil inil Moifmjfy manr totkin rriatnl imor); lervkfi wiD not bt jvaibMt (ndm ennstncy itmra 
{y., fin b tilt Bi). 

([) furtrait iDQtkin tcclraidOM havt mm rtTBlHlity inil mnq clunctcriiAi. 
Ictonnnglr, it wmld U dnirailt n intcsratt tnu j ipj^ mrclai loation Irnlttr tr wirtloi ktatini ptcway » many batinn 
ttthniipiti « pmiiWc x tiiat teation rtfljeB an bt ItilfiM wrtioiit the requtsttr neetfinj tc know irtiat hntini ttdiniipit h mcd. It vmld 
It fiitiha dciirablc (iir naniidi HSt to bt able B bt kiattd in cuvtrajc anai irtitrt a wirdci! Iradon ttttiniiiiit ii difftrm from dit out (or 
Kort) ttcluiiipifl Bipportfll b tht piaary rab!oi[it)Dn irta for the fIS. Addititinally, i mM k dnitjbit ti pmrtat ntt jppDationi (or Miith 
ioQtioD inAiniiation on bt appiitd rii, e^, a wdcti loatton jatcway. 

OUEGi DF M IHMNIf IIHAIlllli TO HtSELISS LlWrnil 

tt i! tn (ibjtctiift of tte preitnt inranira to proridt a tpttm and itthod for aonratcty Iratins ptopfe and/nr objem In j [«t 
tfffttirt mnntr whtrrin a looiion rtpottr on (btain an fC Iration withoat nttdinj to prondt lotation ttthnpt ipcdflt information mtii 
tticranot 

It ii a liirthtr obittt tht p retort inration a prondt wirdcif location witiioot the rtipifittr Icnowi^! tht panJailan nf 
(oraiwinitation nttwrt Mtii tfhidi tht flS may It b contact, ti, tht oiniiiitrtisl radio itrvict prtraltr ((flBS), tht mrdni torarainitationi 
|Tnoail,ttt. 

Ttt aiiH(itrobjctti«i( til prondt a hiwtiBt loation tyittnt and mtthod, adaptaMtto wirdtii tdtpftony/lattrBttiysttci), ftrnsb;? 
a phiraBty of bcation tttfutiiinti for mm^ Hi bation attnrity and (oittiittnty. tn partftnkr, tht plurality of lotatiMi ttthni^iio 
(tniboiie* in Twation etinuton' aho dtnottd "firTt ordtr modth* or fOHi htrtin) nay bt attintti attndii? to any ont or mt «f a 
ranitr itf wmtm mm sndi ai airaiTatt activation [ti, for ebtabiig m location Htimtti of an US batw), datwlrireii xtintiaE 
actirjttd when appropriatt m data ti mitaWt). priority ittirati'on (t^, an atttnipt tt wivitt a prtfortd fOH b fim perfbnntd, aiid 
if nniMCBi/ul. ff a rtalt tnjatiiftttory. thtn an itttnipt at actitatii? a ittoiid fOfl ii ptifotmtd), 

ret anothtr olijto ii ti {or kt iM( to) tnttgratt into a virtltii bation jattmy a larjt mimbtr if NS tation ttctwjnti neb «: 
(2.1) tiiii6tf-arTinl wttei i^^al procounf ttihni(pici; 
(u) tnniniadnnccttchiiliiua; 
(lz) tfaitHnfftrtKt-flf-armal wdai ti^I prKfjim; ttcliniitiifl; 



(Lj) jijptiKwdBMgnalfrmtiiftttlinifliiolumtfw 

intliciJi mAmM jmoic ilprithiD prKciiiq;; 
M m\ jmm ttthnidiiti (or iiatttiinE MS loatiiii tgDili witli wirctei lipQl duratttriitio »f krown irai; 
(ls) conjSct rcubtiiio ttctuiu|ii« liir raolnit; aiifGm in bypoctncs for t\i loadoit otiinittt; 
(Li) ttcliniiiOH /or cniiaiKin! flS Itatioa ntniatci tiinmjlt tbt tic of both Immtia mil liKtiirtQl ilin uwdatinj Hi 

(rirdat ipal durutmifia with blown ktadois ind/er cnviroimt^ cooditioni; 
^7) jRik of aninl ttdiDk|iici (aho dmotcil ftrcoioa of arrrraQ for (stitna% in ami/or dittaion of wtrdtti 

ilgnah transnitttcil (ron) an Hi; 
{L(| lontioii mJiniipjo that tic utcllite yjnah inch at 6PS I'paS tHtfral « tlic Hi; 
tLi) tiifbrid wctcii batijD tcttmiitiic! tfiat comlitnc a two n more of the abow location tctliniiiaa (ii) - (Li) or 

otlicrwdtii fxatioiitcttii^nH. 
(i.isj KirdQi bxitlon tedinipa ttiat tic Dopplcr, (to (oltcrcncy, ind otticr lignal ctmocriitiQ for dttcnsiaiq; tIS 

katuQ, K Kbaty uul HS drcoioit of movoncnt. 
t, rdatnl olflttt ii to inttjratc fuBftct antrit. Dctwurk taait and liybrid lyitnoi to tJiat tbc prjilcmi idtntilitd imciiatovt ire 

mitigated. 

Bote that it ii an oljatire of tlx prcicnt inrtntiwi t» pmidt j -plaj and ptaf ajMirf fsr m wirclni lotatiM niiniaton. 
wherein new loatita cainiatoti on be eaiilif iKcrpoiatcd into in embodinient of the preient hivtiitioQ. Uiat ii, pnmde ao interftK tJiat 
lOoK tubttuttaflr atonatic intc^tn tf new fONi. 

let inttlier ol^ctt h to ptmidc novel appDatiooi for wfreieii joation that toiefit! from in intijratmi of different Iration 

tKliiiiiiacL 
BEnitmOHt 

IIiefiiffwi?definitiom ire prowdcil fbrairatieiKt bteneni, die deflnitjam here art iho defined ehewhert bi thii doannentii 

wriL 

6.1) Ibe tera "wirdor herein ii. b pBejal, m abbrenaion for "dijttaiwirejW, lod in pjtttoilar. >iretei* refen to diptal ndi> 
itKBarugtsDit eaeof itaodard d|^l ptocoli mctti! Adnntedrtobifc fl»ne Servite (AMPS). Hatrowband Advanced Mobile Pho« torice 
(HAMPS), (Bde diriiijn nniltipte ma\ (CIHA) ind rine Dimioo fhttiple ttsai mi fibW iyittni HiWIe (6;M), and tint d-ffiiitn nitttipie 
xcen (IirU) ai one (Idaed in tlu an win Dndemmd. 

6-2) Ai tied herdn. tie ttnn "niobilt latiott' (eiiuivaleiitlif, US) rtfen to a wrciai device tint B at Icatt i tonnnitDAE devict, and in 
nrnt tats t afm wrdcH rctcivinj dente, mdi ai a pottiile ndio tetephtmif Itandw. Nt( tiut in lorae tontoti tiereia instead or in addition 
to re, the flillowii? ttnm arc aho tied: "penooii nation' (Pi), and Toation sniT {ID). In jtnetai; the« ttnm nay be tnmltred 
lynoaynuni M that cxanpieiofntuot Hit arc Idcinijiedb the ladtsrouisdicctioaibo^ 



(J.J) Tk ttmi, "ifirdm injinmittiire' (or itoply ■infrsitnl[t^rc^, itciiKci tnt or more itf: (j) i nttwort \s ont or nort ef ttJtphony 
{ommiiiatioii iSTira, (b) i wllfction of Bimaocljr wiitniM tramctirai (or providi^j wirclcii nrairaiiiatjoii with a plonrity of ffii, ({) rtK 
virtlai Intmict, (dj M portioD of nmniiiicitioiii atmti tlut mm uid fnim wirdet CDimniatiom vitb wirdci notjlc ititun!. 
In partial lar, tttii iitxtractur; iochiilfl ttlcpliiiny virdcu baif ttatiooi nctt as tlioic for r^dit mobile nimnntniQdoii lyitoDi toed on 
5 (tt\K mti HAnPi, TDflA, and dVI wherein tiit ttaie (Qtun provide a netmli «f mperative coinintoicition citamieii vitli lo a^ Ictcr^ce to 
tl^e HI, and a (onrcntiaiial ^econunorantiois interface tmli a tlobitc M Center [nV). M, an fIS attr vittiin in area terviced tr^ ttie bate - 
intiiiiiiinairbcfiondcdvtthvtreiotcDninniniQtion ttirotuittnit the area b|r tier nunparotr tsmnninicatiffl trsnsfen {i.(., 'handcHt') 
bttteen tbeaitfiHSandtiinebise itatiwii bi«rdertoiRauaaineffettivttdtpbonyiervice.IlientobiIttw>t[ti[CDter(ftSOpr^ 
anumniQtioiK and control toonectirity mms tuie itatiom and the pabfK tdejitione networt 

10 tiA) lilt Fhr?te,'coiiipouteiitdetMi£nalchaiacterti:tcnbes' denotes ttiereni^ 

nttanircnxnt] of wireleii tigna[iaiiiple[,wtierctntbcteflniple! are obtained IronitheiirelcntoinMnication tietveen an fn to be located and 
tile bate itation in^itnicture (tf., a plunfity if Detimrlifd baie itituni). Rowevcr, other pliraiet itt aho med heron to denote ttitt 
aBettioi of derived diaracttriitit nliei depending m tbe contcn and tlie Ekeiy ortentatton ef the leader, for cnpple, when viewin; theie 
nbei jrini a tvirdett ti!;iial protcsiiii; pcr^pettirc of railio aigincerinj, ai in tlie focriptioni of the raiKepcnt DctaDcd tacription uctiom 

1 5 ctncented with tlie aspccct tf the prttent inrcntiDO for rcccmi^ Ki tignal nicaiirranenti from the baie ttatiDn infraitrncturc, the ptinse 
typically tied h: "Sf tigrai UKanirenieati* AlternatiKiy, from i data prwenii? penpective. the phnso: Twation liputuK doittr and 
IsQtioii it!|iial data' arc med to describe f ignal charactcriitit nhict berrni the m and the phinrity of in^tmcttire bate itatiom 
tubstantiallr limoltanepQiiy jetectin; Kt trantnitiioof. Moreover, tutce the iDcatim commuiucatinN between an ftS and tiie bate itition 
tniiKtnictitre typically inchide liimiltineosi coninnniatioin with more than one bate ttatkin, a related aidiil notion it that of a "location 

20 ti^tare* (abt denoted 'Ik vf herein] vhkh h the cnnpoiitt vireloi ipal charactcrhtic rabci liir it^l tanplet between an tIS to be 
located and a tii^ bate ttatinn. Aho, in lotnc conteitt, tlte phniet: 'tpal charactctitic nhiet* or 'if^a! diaracttrhttc lata" are ntcd when 
either or bnh a loation ti^hire(i) anif^or a location tignamre dittter(i] itt Intended. 

JHfWRrraOII 

Iht present inrcntion rdatei to i raetiud and tytttra for perjbmiini wiretei mobile ititiini bcation. In pirticulir, the prtient 
25 inventioB it a wirdeii mobik nation loation contpatinf method and lysttin that ntilliei muttiple wtreleii location cflnjpirtatioiial ettiniaton 
(ttwe estiraattn abo denoted herein at f8 loatioo hypcthesiiiii! tompuntiiiaal raodeii, "fint order niodelt', fOHi. and/w "Iwtion 
cttiniatii|£nioddi'), for profidin; kntion ettiniatct of a tarjetmobiie ttation Kt. wherein ambjgtiitiei and/or confiicti between the 
ctinutei nay be effectrRly and tttaijihtforwardly re»hd. nore particnlarty, the pretent Mon proridet a rechniipie for aObntiii; the 
perfmance each of the loation ettiniaton to that a conltdcKe nltc {ti, i probabiiity) can be assi^ed to each generated totioi 
30 eftioiact. Additioully, the pretent inveflcion providei a ttratfhtforvanl cechniiFie for aiin£ the (onfldence vabict (ptobabiOtiet) fes deriving a 
retultin; mott icty loation eitioate of i target wireleii nmbile ttatim. 



Hurt jtncnHr, tfit promt inratira rdatti tm Md [ompatadoiul jiictftod mil jrclnttttiirt for lyntrpiticsBy otintiiniiig ttit 
raulB If J pJuRlity oftcrapuHtionil raoirli in * mtflitiiimril wy that iM tht mmth to bt alibratnl tdativt n one amthtr is tiiat 
iSrtrtiwi in rtitilti jtntraRd \rf tJit nDdtlj an bt tadily rtiolvtil. Mt^. tbt corapotadiiiiJl inttlioil ud irtltitmiirt tf tlit proat 
in/aition niair be ii^liol to nndc nitft ippEntnin whctr psiici bctwcsi nnilttple ii»d(li it opconl a bt situncc pcrfottaancc. 

for 1 pirmntar ippliation iiam; i pbnlity computatiiKial DDdcti [ncti iatmi t tpthctkil ntiman of a i&rd rcni!t(i) 
ia a (pace of hypttJitih rtnita), tbt pr«m inroitira may bt ddcribeil. at a higb Intt. ai jny nitthod or (plan tiiat pofm th( liilNfing 
ittp: 

. {(,1.1) A tttp of dtttmiiiiiiK i daiiifitJtioD idiout fot mmmi an input ctaii fjr eacb rnput dan itt rapplitl to tht phirarity 
(f {omputitioiBl iDodcb (FOft), Mitrtin for tad ranjt. Mf a plurality of tango of liofftd main ia tbt hypotfttib 
tpict, tbtrt ii an input (tiu, and tht bipat data ttti of tiiii ipitt dan art ot^xcttd to bavt ttinr corrapondiiie dnircd 
rcititt(s) bt tht nnjt IL Sent tainito wOi bt tDoitrarire. for a wtloi kration tyittn, ttK pttitnt inp dcttmiiiKt 
gtiijraphtal mturcai ef a wfrtlai imorl: com^c area that tiavc "tlmitar wdcii if^alciatattttiitki. lath 
(dbarte nay bt rdatrMy ciiy a iaamt. and thtrt may bt no (onitratnt n tht tiit <ff the atbartai. Rk btttntiiin 
ii to dttttmiat (a] nth a nbarti ai only a jcnctil area wtitrt a targtt rti nntit rttidt, and (b] tbt mbarta thouid be 
rditirtly titmssm in Iti virdcii it;nalb^ dianotriitia. HccordiiiEly, (a) and (bj art btlitrtd to bt tubitaittialty 
, _ wiifid by in«pii|gtt?ft*itr into the aiw input daiitewirdti!^ 

torrupwidlns taiiet MS bairn fhtreiii at tatb of the target f)S location!: (i) tbt jtt of baie (tatiom dtttcttd by tftt 
tatjet fC [at tie location) ii nibitantially tbt ttmt. aui/ff (b) tht itt of but itationt dtttctinj the target HI ii 
iibitintiaity tbt (mk set of bait nationi. 

bote that there are inraertgi ttcbniiinci and connnerrial padc^gct for dettmbiiq; nicb a ctatf ifionon 
fdidDt bt particular, the ttatinialiy baitd lysttm, '(iST (atronp {brdaiiification and Re^rGiionTrKi) byMl 
Software UttenQtimial Uinited of Toronto, Canada it one neb ptiqgt Ftirthtr. cuitt that tbti ittp ti intended to 
prorblerer[atdebotnotitctitaniyhi£tilya(cnnttr]i|;eiRfbrthedtiircdre[tilti.iUioiiotEto 
there may be only j linjle uipat ctaii, tbui aisitinj t^jh reliability (attwt, Okety low atturaty). Atcordinsly. io titf 
fatter tate the preitDt ttep nwy be nnitttd. 
(4.),!) A rttp of HlibtatiaE each of tht phmty of computational niBiJeh (FDKt) «i that ejtb (sbteipent b^tbeiS jenenttd by 
one If the tnodeh hai J conftdcHt nbt [ii, ^cmxj) aiiociated thertwttb that i indiative of the Itflnesi of the 
hypothetii bein; wrta Ibe caiibrattii; of thit tttp ii perfonocd uibtg the mpirr daiiijiation ichttne tomuitd in the 
ibore ttep (4.1.1). ii one onbodimtat of thti ittp, each model ti tuppfied with in[nti from a pst fiied btpnt cfa», 
wherdn tacti of tbett bipatj haw {orrej^endn? blown rtjultj that (omtitnte a totrat bypotheiii p.t., 1 deiired remit). 
Snbitiinaitly, the perfmaiKt of tacb mode! ti dettrmbed for tht input daii and a conftdence nbit ti aiiigntd to the 
model for injutt rtccircd from the input dasi. Note that thii ptxtdute it repcami mtti each inpot clasi antiable from 



tte bpot (hHiflstioii ichtnt Id ptrfomra? ttih prwctfort. u ippTtahoii lonub ipccifit ttittrij s inc< ti ittmx 
wtittte tiie byportico jcntmci bjf tht iwdeli idtnrifr ttic Haired rooln in the hnwrtieiii !|Bct. Atcortfinjly. for 
atli ef Kit raoicli, wlia mppW iW an bfmr iaa w (rm j ftwd rapot d«i. ttif bypottiBti potntcd ly tlif iDodd 
win be irrai the tonjilcnce nbe iltmiDined Icr thti inpit diii it m MaM of the MtiKi of the lenentej 
hypiitlteiK beii5«rrrtctp.e., thtdeiirtJ roii!t). Itote tint tte imm nbe fcr odifenetated hypiithoti nuyle 
(Dmpittnl It 1 (inibjtit/ tfut tlie birpothcg! s urrea. 

Niite tfat fiir J vireleii kntin applicatioii. the oltoia fn one emtiodiiiicnt) it vtietiicr i lootioa 
hypDthciii cmniiii the mdiI kattto wliere the ns wn vheo the airrcsp!iii% bptit iia set (virdeii ^1 
iDfantroiientj) were connnnkaad between tlih MS iiul the wdesi network 

for iw^kMBiH rebttd to the ftjjnoii! (f tto^ 
)Anm i proper fooctiuBl Diit tnch it i dngit bnni or dip. 

for econoinic fntami ippDotMin, tii ctiterta mar Ik vbether nr bnothfiti b wtthii a (urtiaibr rai^e 
tS the (iirttct bypotlKiiL for cample, 'ftn aifiTatioii acconliq; n the prctoit birattioD predict) the D.V frnt 
natioiul ptnlgct 0} in iDootbi into the lb tire ucordb;; to cettiin bipntt (definiit; bpt im leti), tlien bypothefa 
f enented Inna htitoriQl data tlut iai xucated tberewith tte ictul artespondnij W {m iwntlti later], i»r be 
gied for alibntinj each of the pkiraftty oT ecoirantit toretnta? toiAli (fOHi). Ihii, the appKation ipetifit olterfa for 
tte (Jie may be that a jencrattd iiypMfraij « witiiin. uy. )o« of tht acttal torreiponiluij in nsntb (BP ;»edkiioiL 

for ]ic0m a bHWE otqca tnch It 10 air or tpiK borne, tenntrial vehidt, er witeroift, tht crittrii 
nay bt vhctber m liypothesii aonaliy idctitKtet the 6b{ect 

for jtophysial aoalyiH ippfKatkiiB {tu ftr identic iih(/h dttitfytq; ui/vi mm ninenl dcpotiti. 
dH, atptifcn or leiiiiik ^Iti), the critetta nay btwhttjierin lt]fpatbesii pnvidet i urrect inalyut. 

Note that tlie af^tion deuribcd herctn ire iOiiitntirc lot not coinpretieKire of the tcDpe of tht pnm 
imM. rnrtherutetiiatthiiiteptrptaltyitptrfbriDeilatlciftoiKepriorton^ 
rctoltfni liirpotbeia arenbcijedttdctcnninettit dedrtd cr tomxt mb. U&mOf, once an initial aUbntloa 
hat been ptifbmieit. thh tttp majf &i be performed: [i) bttennitteiitly betron tht ftntiatioii of liypotftfte!. mi/a 
[b] tghoastialtr contiratoBtlr and b paraDelirttti the {eoentkin of ftypotbetet ty the nMeh. 
(ivj) t, tttp If preridlpE wic or racre bptdata jcti t» tht modeb ffOfh) for pnentii? a pbnllty of hnwhttej, wfterein the 
mm iaM tt behypotbetized are vsism. t^tm. m that the {cnerattd ttypothoa mprtferrBl to bare a 
sanxdataitntaitrtdeWi 

for aantplt. for i meleif loation lyitem, the prttent ittp pnnwto an input data tct indndiQe the 
Qmpntte tt^nal (haixttnitic nlna to one tr inort K lootion bypotbeiitiitc compotatioiial jnodck, vhtrdn tacb inch 
niDdel tnbttqaeiitir detinntnti one or more initial ettintatti [alto dtmttd loation hypothetn) of the loottn of the 



urjttfit l)tttttlutcffi«riMttDftftMiiioiWmjybtlai(d(Hi.(brcanplc/tlKiijiial^ _ 

(4.14) A tttp (f adjiirttnj ff imitlifini ttit jtooatcd (lypottm ratput by tlK niodch, wlttrtia (iir wtti an hypotteii, idjitiniratj 
mar bt tafmH m enc or tmti of in bypothsizflj rnutt H.!L ind in confidcitcc nbt for ftrtbcr cDtandii; tlic 
perfbtmiiH of tbc jiotiit inraitjjiL to out caibodinitnt of titii tttp, ( iwl m w inita to rttrint otto rtmJti 
m ID jrthinl datJbiK, Mitrdo tliii (btibaic jijodatti liypotlwiitd rooto witti tlicir arroponfim doircil or 
correct rcnlK. Hin, H J db/ be mnl to utoti^ data from other arttimd liypottinGal molQ tliat arc 'Kix^ to 
(.(I, ind nibitqoaitly w tftt Btartv data to rttricvt ttit torraiioadiiu deiircd routti. IJnn, tht itt of rmicral 
dcsirtil raoltj ma/ le D«d t» dcflnt a ntw 'jiTjaittir hypotftflii. 

for ampK, for 1 nirdtn iratwn lyitcra otfliin? tta prtiait iortntioii. ach teatioii h/pottioi), H, 
idtntilia in are for a tacjtt US, and B an nitd to idoitilif addituoal reUted loodois iodudcd in irtiiiral liypotiwo 
fnnatcd tiy tlx lane FOH 11 {tnnatcd H. for imtaoce, nth rdattd tocationi mj ittbtva imm of the 
arcbiKd bypothm, vtoda tliat tntifiidt rotdc witlun the ira byptitltnizfll bf I tmfw^, neb ccntrndi mj 
Ik tncd to rctrim cIk arrcipondii^ actual verified fK lotatioiti (i.f., tht corrctpondiii! dcs^ rcsutn). and tbac 
rmicmlrcrWfll totion nuy be nicd togcnnatea nm adjitited area thitii ttlif ti b( ntm accnract than H. in 
prtiailar, a tonva (ran tk raifid l90t»B inay bt Bid « a iKb fiff d^ 
tirjtt it Mtm. this atpea of the inrentlon may inchide tlic prtprwesiin; of ncli air;tiitnieDti tiinq^t a 
wdeii wmst ar(atDpriidocci{eo[oattoarettDr^ieiitridd,whcreutftfcachar(biralh^ [haviii; 
n aa ns totton ettitite) for 1 dtsj^ ron. throi^tiout the ccrnijc arei, a torrttponfiii; reriAcd loatttii nnion 
VI, R dcttnnitd. bUKctaentty, tht adjuttncnt ncnr AV, = (VI, - IJ it detcmuKd ai tint cf the affiiitM 
Ttcnn ofthe mtnpadieiit Mi. M, I, and AV, are atuciated inthe dita archiyeat a record tfthemtor jridient 
lietd. AccoTdiiiit|r, whoi a totioii hypothetit Ho fit i tatjet at m ititont location is generated (tbc hypocheiii Ho 
harlq; Lt ai the tirjct t5 bation coiniate) jccordi Ktbin th^ 

ioatiofl t, *Dtar' l«, (tj., vtthio irti of a prtdettmiDd dhtaiw aboat Lc or a 'nej^rhocd: of lo) an bt 

renicircd. AuMm^, an ^jnttntent o U can be dctemiped at a fimoion of tf the [, and AV, nha of tbc tetriered 

record!. ilttettittinad{intnKnttiloinaybcnp(ranarerajetftheieAV,reftm 

Altcniatmly, the AV, nbcs inay be i#ted neb that the AVt bavio; L, do(c^ 

rcnltDi; dmnd location fir the target in. ttore jenenliy, tiie 

inttr]Bbtiiii an adjincnKtit at Lo frop tbc raifitd idjntnm at bationt abnt Lo. bbanccnicnti on tncb 

adjintinait/lntcrpoitdoo tecbnii|nci are alti vithtn the scope of the present imreodoii For oomple, tbc weishtii^ (or 

other ceriis of in nicb in uitcrpo^ tethniquc] inay be (onbtid 1^ 

thcirea mcb « an identifitationDf: [a] i blown tbarp chingc in thcpoloawn^ientRctir Itdd, and/or (b}i 



sibaro hinnj rnfuctil wrcloi tunuitiiilra Bpabiltfe, milw [t] i nilara iftitrcia t&e rtnitvnf rtairili for tht 
(olara hart ttrar Htinatn 1, ifiiltly ipjtcd ipait, jnil/tr [i] a wbarta ftitrtiu tlw: ii an iDraflkknt imratar 
rttrimil rttonh. 

for «t)i(r appriatkiii domaiitt, die present ittp rfquirci i m wbBipt ti IctoiiiK both 'narbf 
irdiiral data fron frmiiKly arttiivol lifliiitiicin, and a mni mM^t a fttmoint an "aijiittil' hnwrtiaii friin 
tte rttiifftil dnirn! fwiln. In jratraL wdi tttliniitiics can bt rtUtiydy itrjijtitfirward ts pnmdt iflra the 
ftflKrtlwiinl roiito raiilt ia a ranr ipact, ind mort partkntar^, in a Cartolm prtduct tf the real pnibm. 
kmsai&f, mi in mmm apprtatiom ttut on b( ttnfisurtd tii jtimtt liypotiiBizd resalti in a mi \^(t 
(or fartniaa product of t&c ml immbm). initanct; tamouiit finandjl (bmaitiiE Jppliatiiira typicJily mult in 
DDnimt prdictiom iftitrt tte lint and irand ttrtiniijnn an be, ti, vi\mM( idtutital ti ttn (entreid jnd tonra 
hnH tKiuiiqiiti Tor ttic wclai lotation ar^iation.; and 
(4.1.$) httfd sotKpoitlr mjs6sii a "mint litdy" taip ftS loutton attmatt it contputtd. liir otit]iirttti( to a toation 
rtpatinj appEation wtb n in mrfcvq, tftt (ire or pclire depaitmena, taxi wvicei. etc Bote tfiat to totopitiinj 
the nint iil^dr target fU Ixatmi eitimatc a ^tality of Ixatiiia hnictlieiei may bt taba into aaoon. In ^ct, it ii an 
importaia ispect tf ttie jtreietEt inraitton that tlie ntoit liliely iKation ettintatt it letmniiied by ampatattonanif 
fomiriEi umipKite nt loQtion titimite utiTiiin; nidi a fibiraEty aTlDQtion tiifpotttafi to that, for cnnpic. loattoi 
Htinrate limitaritiei bttifttn bcation h/pottietei an be effectiifety utilized. 
Stfmii? tB [im) there nuy be hypotiioei for atimatinj not only deitreil rciuit(f), bat ihi iiypottwei may bt genented ttut 
indiQte where tlie dcsirtd reniit(i) n not to, if the confidence rahm are proiabilitiei, ao hypothesii may be jenerattd thit hit i yeiy Im 
(near zero) (nbabiOty of harn« the deiircd result. At in itide, note that in general, Ibr eachjcnerated hypcttiesis, 9. hann; a (trobabirity, }. 
there it 1 Aill bypotbeiii IT that nay be geoented, vherdn the If rqroentt the cofliplemeDtaty hypotheiit that the detired reinit it in the 
space cf hypotheiiied retails wtsife of H. Ihts, the probability fliat the (tetired result(s) is wtside of the retatt hypotJiesiied by B is i-P, 
toonfinjly. with each loatioa hypothesis havinj a probability (avoiabiy bfitatiiig where a desired teiult nay be (le.. P > = b.s), there is a 
corresponding tcA>i^ fw the toroplenient hnothesis that indiatet where the deshtd resaltfs) is tsmf to be. Ihot, appiying this 
rcHoifl! to a wireleji bntioii appficatioii ntiliiihg the present iDwntion, then for ao hnwiiesis It indicatu? that the tatjet rtl is in a 
gtographiai area A, there is a doai location etthnate If that may he generated, srherein the If repretcnti the ara outside of A and the 
^hality that the target US is mttide of A is >f. Thus, with each Iwtion hypothesis hanug a pohaMlity (aratibly indicating where a tatget 
flS may be [it, t > = o.iJ. there it a correspundinf pmbabitity for the tompteroent area not repretoited by the bcattoa hypothcsii that does 
not fmr the taijct ftS beuig in thit complcnieot area, liirther, note that similar dual hypotheses on be tsed in other appliattcKis oiihg the 
multiple model irthittcBire of the prtsenr inraition when prolabilitiei are itsijiied to hjrpothetei gtattated by the nwdeli of the appficatioii 

leferrtng to ((.lj) as it retatet to a wrdess loation system ponded 1^ the pretent invention, note that, it ii an aspect of the 
present inventioo to provide location hj^stheus enhancu;; and cvabation techsiipies that can adjust target fIS locatioa ettimatet atcordui; to 
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bhtorial f5 iDadiui iia wljtt adjint tJif anfiilflKc ntiB if iKitiiin liypotbtio jcwriinj » towwniiim tht cormponifjn! tirjct ftS 
loatMotimatth: (j)mt(i htitBrlalfttiipulttBri(tmitKyiIito,{b)iritlinre^^ pliyiiQl(ODitnint!,iiii(t)withnriiiiiiliciiriitiD. b 
partiailar. ttit mm apabiBtiK arc prowtoil liy the pretiit iiivciitioii: 

(5.1) 1 oiHtiilitif fiir dtamt tht Jtraraqf if an initjjl tatioii byprttiaj!, H. immttil by a fe crdo mi6, fOfV by mil? H », 
cmntialiy. i {aery gr indci into an Itiinirial diti itx {imtd hcrctii « tlit bcatidn tj^tnrc data titic). Hat, ttiK 
das bait may iwludt [i] a ptataSty of prtnmily obtaintd lotatioa tjputnrt dnttn (i.t, CBnpmitt wittltJi (ijial 
dianatriitic nluA] tn(h tliat for tub ndi dtittr ttietr h an attodatcd aoual or mified K hKatviH vhtrt an K 
toiDciiiniQtcd wM ttK bait itatisn infrntncnrc for batin; ttit Hi, aid (b] prtrion ns botun bypettinit ettmatti 
fim FOr^ dtrived from tadi ef ttit loatKa tignatort cbnttn inrcd aatrdiiic to (a). )Uttmti/dy chh dao bait induilc a 
bcatira srw jnditnt (idi for tht biow kntioD tmrs (or fOH,; 
fei) a Q^mf fa mifm tompcsitt durxtrnitk nliin of wirctet connniniatrati bttwecn the taiitt ffi and tht bait 
itattni infrattraanrc, vhcrein ndi ntiet art tontpired vitli aiinpKite tifnal tharacttrtttia nbn tTbuwi ffi location! 
(dKstlitttrnbicibeiittardiirtdiitiitloationtleiatiirtitatib«f).lnnitm ttanotrhtit 
Tabs «td t9 jeittraK rariooi kntion hi^thtitt fbr the tarjtt ttS art oiDiparrd j^init wirdtii s{^l data if biova Ht 
Ixatioiti itottd in tht kntion lipiantt data batt |br dcttmiiiui^t rcfobntty ef the kicatioa liypotlitii% nuddt fot 
pittfflbr jtopjphk artii aoi/or tmnnniientat unditioiii; 
j) a apjliflitif Ibr rawaini abmt tftt Msta cf a botiop liypothtiii trhcrdr tbii t awnii? tapabiGty use htiristic and 
comtiaintj M on idyiia iitd physical propmio of tlx bation jt^grap^ 
(54) " liypwhtiti jtntratii? capjbTtty fot (tnttatifli neir location bypothtto ItoiQ arm bypetteei. 
At also nwttieDHl abrnt in (lj), tht protnt inventioi nay itiDit adaptiw ligna! fjoteitinj tedwiqoB. Unt prtknlirty irapcmut 
ntflizatbo if nidi tcthnlipiti iDdnda tht aattmatit noliiftf tiit praeotlnraitbfl to tbat, ti, mdi tniunjao bt a^ to aiQattiiif tbt 
nfati ^loatbii pKoilm lyittni piranttm ttat affttt tht pmttJiins perfiinDtil by tftt protnt inroition. hir txarapt ra* tyittro 
pamnttm « thw «ti for itttmtiiiint ttit lizc of a popiphiol >rta to bt iptdfltd wfitn tttrnint botira t«ni] data of biom US 
batiffli from tht iiiitorial (badon lipHmre) lata bait on whtutially afftct tht todoi prottjtins. b partimlir, a lytttm ptamtttr 
ipeofifin! a mm lizt fer nidi i jtosraplital area may, if tw brjt. twit onDccfliiiy iiHctarada b Ixattai m f6. Actttfutjiy, to 
ta.mm 1 tuning ofiipth lytten pnroettn. an adaptation tijiiitii indbdtdra tht prtjtnt brationfbrMtoinatiQlIy jfjiitttiij w a^^^ 
pitinitttnnted It dK protnt jrarcnnon. Bottdiatb»DttnMmea,thtadaptitiD«ettgbtiiba«Jonieiittica(p - 
Iht preient inmitioii may nxbdt one « note fDHi that may bt pttally dtnotcd « dauiiicatioii modth whtrda titdi m art 
ttalD^ or Qlilinttd to Jswiatt particslar conipwtt wttdeti lijnil cbatactttittic vabei irirti a (tfljtiphital bcation irfwe a tatjtt K m\S 
lat^f ftneme the metm lignal tinitda Iran ihidi dw atmpwtt Mtdtti tigiul tharaottBtic vabo art dtrired. fortfier, tht pttttitt 
invention may bdode die apibility ^ traiDin; and ttitaiiun; sd) daiiitotim fOns a anttmuticaBy niaintui die acmtacy ef dwt noddi 
era dmih inbttantiil cliiii^ to tht radki aiver^et atca niair ra^^ 



(ilDt n, lor ouiBpIt, m^t Yiriatiom). Ai md htrtin, "traininf njm to ittntirclif pracntinj 'nmai data" to a aimpiititional raodiilc 
fijrctijJiEinjtlitlthavioroftlitDiodalcio tliattlitiwiluleraaypafjnii propmivtly better « it tarn ap;»o[ifiat( bthawril rcspomo tJttit 
tnininj JatJ. tonlinjly, minins lay iattuilt, for aamplt, tiK rtpeittil input of training ti m aniflda! nmral nnwiilt. cr rtptatcd 
ttatiitica! rcjrffiioo analytQ on iTtflcrciit and/or tnttanco! trainiits data [ti. itatiitical tanplc lata ifflj. Hate tliat otticr onbodiiDcatt of a 
tnincd pattnn nurcluitj m\ for wtrdni bacion arc diidoial in D.1 l>Jtmt f>,inh,m, tidfll Tailio {lantmittcr UcatiDn rindin; |br Kircittt 
(omnniniutton tmA Strnm am) flaitancmait ,' filed Ju. !, ^n<{] and snttd FA. ij, itc«, liaviiii Htliniratti and Iffax ai iitraton, thii 
patent being iiKurporattd htroii ftlty by rtferottt 

tt K Icnown in ttie wirdni tetcptuiiiy art ttut ttie plicnonieaoo of i|^al imiitipadi and tliadoff mim mi analytici] 
loatioo tomiHtational ttclinitiio rath ai tirae-tf- ininl {M) or tnne-difftreiite-ef-arriifa: flMJl) alijtiiitiiliy error ptow b urban areai and 
pirtioilarfj b done urban artai witliout ftirttier itatiitical {orrebtion proceiiini rath ai ratJi wpa rttthitioir ai itidoied in Hi patcnr 
5,(^0,061 bf Fatmidie tt. aL fcititd on Kar, jn, ^m a'"' incorporated fiilly herein by reference, floreover, it may be the taie that ffoi tbou^h 
nidi additional proccHii^ ii petHinned, the DQlciiuth piicnonieian nay rail be potdcmatiL ttowcnr, this tune nnilripitb plienonenon aiio 
niay produce tubstantial||f dhtisa or peoiltar ugnal nieantrenxiit pattemi, whcrc'ui tudi a paitmi (oincidei with a rdatinly unall jeognplual 
area. Tbai, the praent imtioa m) include a FDn(i) ottlii; nniltipath at an advant^c lor incrcaiin; acairacf. floreom, it ii worttiwbBe to 
note that the otfliiation of daiitfotion rorb in li{gb multipith enraonmenti ii eipetially adnntagcoin in that higli mutt^tti enYironnicnti 
arc typially denidy po^ntatcd. ihut, lince neb cnrironnicnt] ire alio Qpibic of yielding a greater dcntitr of K loation lignal diti ftoni m 
vhne actual loatiom tail be ot»aincd, there can bt a sbitantiil rniouiit sf train!:;; or alibration lata captuml by ttie prnent inrattion fiir 
trainii); or calibrating nth daiitjication fOHi and for progmtively improvtrigthcKilocationacairacrofiiidinttdcls. 

it it lilt an aiptct of ttK prcicnt inrentton that cbisification fOHi may be itiiiicd that determine target i\S locatknn by ccrretating 
and/or aiiociatinj netwrfc anomilwi behavior with jengraphit loatioai where nth behavior ottun. Uiat K mmi behavion that are 
problematic for voice and/or data (ommtinicatioit nay be uied advant^geouily |br lotattm a target ns. for etanpic, it it well kmrvn that 
viteleii netwotb typically have vi^in their coverage arcai penisteot mbareat where vnce quaiitir it prtiblcniatic due to, e;., meararenienti 
related a ht^ total etrotv a high error rate, or change in errornte. In jnrticular, nth nicararcnKnti nay be related to ftaiue error rato, 
teAindancy erron, OKhannci interfcrcDcc. oceiire handofli benwa bate itationt, mi/m other all tsaEty ncamrtnm. Udttionally, 
neaturcntenn ntay be tied that arc rdatcd a nibarcai where wdeii OHiMnication betvcci the ictvott and a target fli ti not rafficioit to 
naintaui a aO fie., "deadionet'). riiiii, infotnatan about rach to called pnblcnatit behavior! nay uiei) ty, tg., a location ntiraatot (FOfl) to 
generate a mire accurate einmate d a tatget tn. for cnniplc, tncft netwcrt behavioral meainrenienti nay be provided tiabtitig an 
artifml neotii networlt and/or k providiqg to a ititttiicil tegrciiion analyiit technique aniVir itatiitiQl predictia modeh (tf.. niing 
prind[dc decnmpotition. parria! ieait tipiaret, or ether ngmiion techniijuci] fij aiioaatiqg tr onrelatiiig tnch nteaiureniestti with the 
geographic area for which they liltety derivt florwcr, note that inch networt behavioral nteaturenoitt can abo be uied n reduce the 
hMhood If a tatjet tIJ bcu)g Di an area iTuich meanrenenti are not what wouhl be ojKcted for the area. 



It H iHt jn Jipett the ptm tDvtntkm tlut rOffi tticnadm may it hybriil (omteij'tioio of flS Iratiitii ttthniiitiH. Fjr 
tample, in mtaTiiDtiit if tfic prnoit tnraittra niiy imtiiK ) fOfl tturiiKH oiiiibinatiMt fuitt laftreiHt «f Mini pA) and nrainj 
ittm (I/) Iwwii nitwirtnrat Rdirimic (or iMninj ttit atjtr Hi, wbcrtm ntcli » tedmiiiiic nay rtduw eniy minor nudifiationt n the 
virdai infristntcmrt. to jurtiailar, nicii t m Piy prmdc ntnid fti loatimi mn ai mtnccd rcutatiDn «f anlii^itic! tliaii irt protnt 
ita tfioc ttduiiine ire itied itpantd/. One trabtidiiiitiit itf wcii j fOfl {Jhi (cnottd tiit r«t Hinid w m btrtin) ii diitloitd in U. fm 
S.i!7,jii jiifd Jal^ jfl. )ii7 and iinicd Hw. A vfi<{ liarinj Toit and Panchapalifan ai inraitsn, thii iwnit teig fiiHif intorponted tierm lif 
rcftrtat. 

Additiiimlly, mitt tha Iflfli rtiattd a the Tnt Hiidd miy alw Ix inctrporatcd inn traiodtnicnn tif tht prem inraitioii whcrdn 
an dliptial icardi ratrioiDii bcation t«hnii[U( may alu \x vtikti. In parttnUr, tncii i ttskm ii diickiicd in U. patent aptten, 
liaifinE Di Sdiil lit. sVlojai, and oititltd "Syttm ind ffcthid Osuu ElOptital tardi Area fomajt in Damninin! the LBation of a flobilt 
lemirar, filtd JuL jo, wliidi Is aid intorjorattd by reftrtnte htrtfa. 

It ti iho a rdittd aipett Df the prcsm Inrcntioa tt indude 1 phraOty of iti^ 
ttatttuK" [UK], tadi mth US barai; both ratricttd rait;; dctntion QpabOitia, and a built-io i\i Icttrdtiijly, a ;rid of toch USi can bt 
ntilized for proridin; wdtn lignaliiii: diaractcriitit data [Irora thdr tnilt-iit Hit] fiir: [a] (rcjtniniii; tacii daiiiTiation My and (b) 
alilindi); the FOHi lo that each perattd lontion hypotheiii hat a reliable coo^ilcnce nine (probability] IndiGtive oTdte lOidineH iTthe 
taijtt Hi bdni in an area repreiented by tiie tratign hypotiwh. 

It i( a fiirthtr aipect of the pretent inraitioo tiiat the penonal aninraniatioD lyiteni (Pti] bijijstinctgrei airrentiy beinj dtrdoped 
by teletoranniiiiatira proriden offer an appnqircire IwM inlrattnittiire bw opon iriiidi to bnild nrwn penonal loatnn tyiteim (Hi) 
eni;toyii? tiie present invention mi/tr utilitini the tidiniipiei dhdesed herein. In pjrtirabr. the present invtBtion ii eipedally laitaMe fbr the 
bcation of people and/or objem moi code dimioi nniltiple xiett (CDHH] welai hiftistTocnim, ilthnt^ editr virdcn htacnrcs, tscli 
at. tiise &im multipte accctt (TDHA) inlraitnicturet and (rtfl arc aho umtcinplited. (DfU eeocnl princ^let are deioihcd, fiir eamplc in D. 
i htent j.iof,;io, ti 6ilharteii, et al, which h aho htconvntcd herein by teferenct 

Ai meotiuied in ti.;] and in the litotiiitni of datiiftcatioa fOth abw(, embodiraeim i^the pretent invtntion tnay iitclnde 
cojiiptDeoi {ti, m) that on nbitantially aatimatially retrain thennibfei to torapemate for rariatiom ii wrden m dancmtK 
[t4.. nni!ti|iath] due to envinMiental and/or topopaphit chanjei to a jengrapliit area leiriced liy the preient uiwttitn. For cainple, in one 
embodiment, the pesent inraition tpttonal^ ixHiia low coit, low power baK Jtatwti, denoted Igatioit bate ttationi (US) atare, ptovidiiE, 
fof example. COfU pbt dunuefc ti j my EniJted area about each mdHJIS. Ihe location baie itationi iHy prnide fmiited mite traffic 
cajnliaitia, bat eadt ti opable of jathcrin; mffkiait vittteit li^l chancttrittia ftom an tlS within the bation baie ttation't taii;e to 
fadlttaK bQtiii; the tIS. Ihui, by poutiodi;; the hxation bate ttitioos at biowi location] in i letiiaphic rejini nch at, for intance, on ttrect 
lamp polei and road i<Ent. additional Hi teation acottacy can be obtatneii. nut ii, due to the krv power ipal ntpat by tach katiitn bate 
nation, for there to be i ijnaliitc ciintrol contnuinicatioD (ej.. plot i^fnalii^ and tther coitttol i^nili] betveen a batioa tute station and a 



tirjtt HI, tht Hi mint be rtlatirdy wr ttit bntHtn tec itation. Militiorany, for ocli Iratait bait intira not in coiniDuniatiiiii with tftt 
sritt fti. it i! Elxly ttBt Hit H! « not war t» riii! loatfon bait itatira. Itai, sttliziru iiUbrraarira racivtil (rain both totion laie itaroni 
iitdjnuiiutitioii witli tfit argtt Hi ani ttKW tliit art not ia coranranicatiDnwitii tfe tar^ttftl, ttit pretntinwirioB raarsitiitantijlly 
mm die (BiiiMt jtojnphit arai witJiin wliicJi tiic arstt «1 b liltly tp lit. Eiirtticr, bf pMsi otS lomimi tat luron ^1) wi* a to- 
iMittd lationary winloi Eramttira (dcnotol a boilt-h MS alwvt) bavin? timilar finttioiBlit^ ts an ftl, Hit IbBawinf advantijturt prmiiltd: 
{t.i) aiiuminj tbar titt o-locatol bait itation apabliitia and tbt itationary tumcttvcr jf an Ul art well tiiat ttit bait (tadon 
QfiMm aiuj tk latsnary tnitittiiw conmnntatt witli one anotiKr, ttx itatiDitanf tnnccim an be tiEnaloI bf aootbcr (oni;nntiit(i] of 
tilt prtjoit inraition to actintt or fit acmatt iti aiiotiatrf b«t (tation taxability, tlwtby mtm jmw Ibr ttx Ui that optiatt on i 
rotricttd powr tath ai lolir ttetrkal prnw; 

(ii) tilt itationary tmnctivti of an LBS oji bt oitil for tnmftrrini aritt ftS location iofotmation obtaiocd by tiit LIS to a omrtntional 
tdcphonybncititios; 

(6.J] liotc tlx loai»n cadi 111 ti koom and can bt nitd ui location prottstiiit tbt prncnt invotioi! it ablcto [ttjtrain itidf in 
jfl^phical artai hiring sndi tlii. Tlut ii, by activatiiu tacb US (tatianary tramtfivtr lo tiat tficrc h ijgai! tomniiiniation bttwtcn ttx 
(tationaty trauittiiw and rairoandlnj bait itatioro witfiin raiijt, wrdts liinal diaraomsdc nbiti for da locatwn of tht nadonaty 
trarottivtr art obtaintd ftn- cjdi nicb bast itaion. toordingly, lotb tfurafttriidt ntaci can Hwi be Jiioaattd widi iht inm banon of dit 
ititioiary ttamtflrer for traininj nrloas cf dit loation priK0(ii5 modula of the prciait inyefidoa mih ai dit daailindoii fOfli diicoiwl 
aboit. lit pardQilar. mdi ttaininj itifm aKbradm may uidudt 
(t) (rtjtniiiinjFOHi; 

(ii) adjntdni tbt tonlidtiM nhir biidaBy aiitentd a a tocadon hypothoii atcordutj to how atmntt tfttjentradnj fOH it 
ui tismm the kadon of the itatiinary tranKtirer oiinj data obtained frtni mrtfcii i|^al durictmidn of i^foalt bttweta the ttidonary 
tnnteim aod bait ititkini with which ttie ttadooary ttamcciver ti apaHe of comnnnicatinE; 

(iii) automatkaHy npdadni die prcnouiiy nxodnied htttorial data baie (it, tht bam si;natnrt dita but], wherein die 
mredfijna! rtiarwtristk data fot tidi lationary tiajiiteiveran be ottd for detecting enviroiinitntal and/or topojnphial diangei {ti, a 
oewly hiih high rrie or odier itractorei opablf of altering die rtEltipsth diancterisric! of a given geogra[ibiti! area); tiul 

fn^ tuning of die location lyiton parameten, wherein die ittpi tf: (a) modipig varioui lyittni paiaintien and (b) ttjdng 
d)t peiftmunce of die modified locadon lysran on verified mobile itatwi toadon dm finchidlng die Mtonaty tramtetw i^al diaracteiiitic 
data), theititepi being interleaved and repeatedly performed fiir obtaining better lyiten tocatkm ictnnty widtinniefiil time [onmaiiiti. 

One embodioKDt of the procot invendon udlizei a ntobOe {kKation) bait ttadoii [m] diat can be. fiir eomple, incorporated into a 
vehicle, todi « an anbubnct, police car, or taiL iudi a rehide can tiavd to tito havu^g i trammttttn! tarjet NS, wherein nidt titei may be 
fMdoraly hrated and die lignal diatacteriitit data (roio the tranunitting target HS at itch a location an tomt qunitiy be archired with a 
verified location mcusreniait perfbrmcd it the lite by tiie n»bi!c location baie itation. Moreover, it ti snporont to note tiiat nich i caobtlt 
locadon hase ttidoa ai iti oamc impTiei alti bduda baie nation dectronia for (ommuniQdng with mobile ttanon. dioagh not necenarily in 



ttit loaiuicr tSi mmM infnimiatirt intkiiL la particular, a mW batjon tutc itatiui ma/ (b one anbodunciit} only inonitor 
tiiiial cluramriitia, radi ai Hi lijnal itrcusrti, frttra a target m witlirat tnninilttint itpiah ti tilt tatjtt Aitmiativtlr, a mobOt btitiDO 
law itatiDii can pcrioiTKalir Ik in bniirfftiora! [rarauiuatimi wrh a laijtt US for dcttrmin^j a lijoai tiniMf-irrfnl {or timMfiffcrciKt-iif- 
ariinl) iDcatiircinMtiawcn tlx mobile Ixadoa bitt ttition anittictarjrtffi^ ildditioiuilr.cadlitiicliMbilclDatiDiiliaKttitjon Miia 
compoDcon for attnatii^ tlic location oftftt wtk Ixatloit ttaic itatioii, otcli mobiltlocitiiiii bai; itatkii location citiiiiatts imt m^mt 
whtn tb( raolHit iocatioD bast (titicui ii inal for locatinj a tarpt fti ra, fiir ana^ timtsiFarrivjl tr tiniMlifftrtnct-of-arriyjl intaioraittiin 
» one liuilHl in tfie art iifill apprcdatc tn jurtiailar. a ittbilt location bast station m \Mt 

a inobiK station (fK) for botli commnicattnj nitii cttitr (ompcmcnn )tf the protnt tiration (snc(i as a loation jirotessii? tmtcr 
iuduiltiiinHttprtsditiiTOtioji); 

tji] 1 in mm for ifcttmlnin; a location of tht nnbilt loaiun base ttatioii: 

(H) 1 jyrosBpt anil otiitr ittai rtdtoninj dtwcts; and 

[74] iltvkcs fff operator mama) entry ef a mobilt loation bast stadon loatioiL 

fortltmiure, a mobile location base station inctadcs modititt for inttjratii^ or rKcnuliiifdistinamDbilclOQtKO batt station 
location cttiiDitcs that, for aim;4c on be obtained ostii; tiie (ompontnts and dericcs of (p) ttirovjti (74] abort. Put is, loation estimates 
fiir the mobile ktation base station may bt obtained fron: 6K tattHitt data, mobilt loation bite station data proridtd by tht loation 
proccssEiig (cnttr, dead retluinjii; data obtained (rtm the Dobilc ixatioii bate station vehidt dead rtcbninf dericci, ind teation data mantilTr 
input by an operator of tlit mobilt location base itition 

Hie loation eitimatiiu lystcra of the prestnt invention offtn mmyadyantijes over enistinjloatioa (ysttnis. The ptscnt inrattion 
employs a nuraber «f distinctly ililferent loatjon estinaen which pmvidf 1 peattr degree atmrity M/n reEibiliry than it postiMe tnth 
etttin; mtltss loation tyttcmt. for instance, the loation noddt providtd nay inchde not only the ndnit-radintAOA mil Mk tcthniipiet 
tut aho aiaptivt ttthniipifi sach as artificiai nenrd net tethniiiiies and the ttthniiiiret disdostd in the U. fattttt 6,(114,304 by Ifilsetirath tt. aL 
incmpated by reftrente herein, and anjlt or direction tf airival techJiiipiej K iftO at tabitaiitiaBy any sthtr trirtltjt teatron tttbniipie 
ifbcrdn apptopriatt mpat data an be obtained. 

(a) Hott that hybrid kiatiog ettiaattn bated on tomlKnations of such tnluiiqaei (mdi at the iDomn technique of II.S. 
fattnt by Tost eL al). raay also be prwided by tht present mvemion: 

It it aho an atpett of tht prticn inrention thatTarints embodimtnts raay pronde rariont ttratejiei fst attiyjtinj, wiihia a sin^ ffi 
location instance one or mote loation esdmattn [TOns], tiiertin each tath activattd ktation ettimactr ti proytdal vith tnffident vitelttt 
tienal data inpnt lor the actintioii In one tnibodroent, oot tncli strategy may bt oDed "greedy' in that mbstanttally at many loation 
ettimactm raay be actrrated at there is tuRicieitt Inpot (additionally, tiioe and reswrcet as well] for acttntioiL Note that some vireltst loadon 
mhniqucs arc dependent to tpedaDzed ioc^ rcljted dcncetbtiqgoptrationaltgchas^doriictinrlibatedretdKn, antcnnat, iranctiren, 
and/or signal ptncetsing efuipcnt. Mditionally note that stme loation tcchniipitt aht require particiiSar ^nctioiiality t) be operable in the 
tVi; ti. hinctionartty ^r detectmg one or more tootioo rdattd signals from tatdGtes (more gcncralty non-ttrrettrial tnnsrairriit! stations}. 



for oamplt, tte i?iah raa/ be 6PS lipalj. Accordingly, (trtain wirdw baron t«iinip« may hart tte ictmtiois dtpdcnt open 
vtitttier Bich lication rctarcil dcvtcn aral/or ftS functionality irt anilitilc and operable fir tiA 'mm of dtttmiinii^j in ftS kation. TIe!, 
fsi adi MS wdcsi loQtinn imianct, loatioa otiniaton may ht joiyitcd jcardinj a the operible featurti jnocnt darn? an Ki loation 
intance for providin; input xtiratjon data. 

Tilt prtjentinvcntiBn may be able tj adapt t» cnvironniental thangei HibitaDtijIly ai freipiently ai desirtd. M. tlie praent 
tiwtion may lie itile to tate m i«m ctaujei in tie location top^jraphy over time witiimt titeittive miraial data maniptitation. 
floreover, tfie praent invention tan be utiiiial with varying intmitD signal raeamrenieiit iiipiitj. Thoi, if j bcatioi eaimtt ii daired in a 
wry (hort tirae tneiral (t^., lot than appmiimatriy one to tw wimli). then the pern inraiflon can be tied with Mly » nrath lignal 
njeanirenient data at it potiible to atiiuire during aa initial portion itf thti time interval Salit((iutBtly, jfter a grtater amount of lignat 
nieatiircnw data hat been JOiBirtd.additiflnalnMreaciurateloatioiieitira^^^ Itote thatthii a|uhilityQnbeuicfii!utth( 

context of 971 enicrpty retpome in that a fint (jnict aane mleii niiftile itition kotion ejtimate tan be tied to route a in all Irnnt the 
nttldic ttation to a in cniergcDcy retpome center that hai rnpontibility fitr the area ctntaining the ntitt ttation an) tbc caller. 
Jnbtflinflitly, once the 111 caB hai been routed according to thii fint quid! ]sam eitimatt, by tontinuhtg to recenre additioital weleii lignal 
meanirenicnti, more reliable and «cuntc loation eidniatet of tlie nn)^ ttation can be obtained. 

Koreovcr, there are Dmnerm iddidonal advant?gei ti the tyttm of the pretent invention vrtwi applied b tonniBinkation tyitenit 
uting. ti, (DflA. Ihe toacioR tytttni of the pretent invtntion reailily btneflti from the distinct advantaget of the IM iptead tpettnnt 
jdienie. ItameJy, thete advintiget inchide the eiqibttJtion ef radio frequency i;tttral (Jflcitncy and iwlatton by (a) raonitoring voice activity, 
(b) n»n?genient of tw-way power control, (c) (rariiitning of idvanced variable-rate raodemt and m\ correcting tignai cncodinE. (d) inhtrtut 
retiitante to ftding. (e) enhanced privacy, and (1) nniltiple 'rake' digital data receirai and learcher retwen fur cnrrelation of lijnal 
nnltipjiht. 

h t note general Itrd, it it an jtpcct of the pretent utraition n demonttratc the stiliution of nriont nonl computitionil 
pradtgnntachaf: 

(1.1] provtdii^ a nnihiple FDfl computationai archMtnre (at Dhittrated in Hg. i] vhereut 

(i.n) the hypothetet may be generated by nwdnlar independent hypctheizlng {otnjittJtional ntoddi (TOHi), wherein the fONt 

have been olUnttd ti thereby output tonfidentt vahiei (probablDtiei) related to the IMihood «f torreipondingfy 

generated hypothetet bdngcnrect; 
(til) the ioQtipn hypothetet (roni the fOHt may be hirther procctied ntnig additional imm of a;^tioo ipedfic 

ffiKessng toninsn orperic to a phtrality of the fOflt: 
(i.T,i) the tonipuation] architectnrt nay enhance the hypothetet generated by the FWti both icwrii:? to pait (erftraiancf 

of the nodeli and actording to appOcation tpetific (omtratnti and beuriitia witlaot retptring contpla fctiM loopt for 

realibratiqgoneornioretftheFOflt; 
(i.14) the rout are rditi/dy tatBy integrated into, raoJifitd and cmcted from the (ompitational arthitectore: 
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ill) fimni ) conipuntioiul pandj^ for tuiam m initul cstiniami miutiini n i prtblas titne tiiti initiil atimatnl mlirtm 
». cflranTlr, i t/ur/ or index m m bmm\ tin tuic tS fmm uhtioa ctiman isi corrcspoiuriii; actual uhtiin! |Dr 
tcrrrinj m oihinccd ubtitui stiniatt tiiicd tn pait pcrfiinQaiKC ef tix aMt that gomtcd the initui ctthnatnl tibtioi 
Iht nnitiplc FOn irdiitttturc pmiti htrnn h oicfu] in iniitaattii^ tdDtim in i vide range apttitiitni. In ^, mttt of tht 
Ictailfll l^flalptiim boiinbclnr aa be inini«lta»l|r tninlatnl inn itlier ippllatnn itoi, at oik ildllal in the atr «f (omfnttr ippTntion 
arcliittthtra Ml cdjix to ippredatt. Fi? otamplc, tht foM^E addltkiial appDatinn arc wtthta the ttopc of tbc prnoit inraitvik 
diKsi«iitiaitnui£i|ip[i(itioiii: 

iapm and imniitDrtii; applltatiam titch n DKdio) di^foiKK/nioiiitDriq;, coranninjcatiDn wtmA dojitDui/monitoriii;. Hott 
thu in niany caict, the domain vhoiin t ii to he performed ha< i canoniQl hierardiical order inxtit; the aunponaiti 
iritbin the taaii for etanpit, inanttMhie di^. tbc lomponcnnof aji mto may be hienrthiolly ordered according to eaie 
tf rcptocment in comlnjiation within lunctioiL Ridi, within an ants't electrical tyiton (^nctitin), there may be i fiiu bra. and 
within the boi ibcre vi he fbieL Thai, tbcie component! mf be ordered » [hijiiKU to lownt): auto, electrial lystem, 
^e Ixit, filter rtni. if dtffcrtnt diagnoitic M prmdcd different tpttmo k to t problon vitb aa ait», the confideDCe nbci 
jiir each compctnent and In mbcomponeittt maybe tgmmcd n^ethcr to pronde a Mhood nhte that the probieia within the 
compsncnt. k<s\i\a^. the btweit compettt hartriE,^oianipicatleaiti mininiiip threthold of nimmed confideiKe! on he 
(elected ai the row !!lu:ly cwnpraent fiir either fiirtlier analyiii and/or replateroent hott tbt mch wiaiDed amt«a may be 
nomuliied by dividtiu by the mmbei of hypotheiei generated (rem the unie input » that the hi^ett rammed confidence ii ene 
and the loweit ti m. farther nittt that thit ennpte h merely repreientative of a naniiff of diflerent diagnoiii ani/or prediction 
apprntioni to whi^ the pretcnt inventioa ii ipplinble. whcrdn there are aimpom tbit have tanonial hierarchkil 
dttontpKitioiii for eoigplc, a tediitii|ge mSs tt the mto iDiitratioD above may be (irmded for ik dl^^ii «f compitcr 
lyttem, netvorb [UXi, HAlh, Intetnet and tdephony Detvvrb], medial dt«^li fttm, e^, rrayi, HHli, unofnmi. etc; 
[f j) rbbotia appOcuinns such « ueoe and/or object rcotgaitios. That i<. nriogi fOHi nuy proceit vimai imjje mput differently, and it 
may be that fir expediency, an olfcct H re(«piied if tbc lUomKd coi^ 
threilioU; 

iU] mm mi/ti jeclqeic (ignal procQibi; appOcattooi nch ai for Irathi; oa and pi dcptutt; 

(1.5) recosQition termtriai aid/or ahtome objects from lattDite!. wberent there may be nricm piral bandt monitored. 

MdtdoiuDy, note that thn artbitecttre need mt hare alt modnlei at-locatcd. In partialis, It ii an nlditiona) aipect of die present 
mrauiM that nrioitj nnxhiles can be rtmotdy bated fron one another and cononniorc with one aiMiicr fii tdetonmniDitation 
tnniiQtssioninicii«tclepbDO||ftcthiioht;iei anit/or the IntetneL tonnfui^, thepresenthnrcnttoniipartinilirtyadaptiblctoiiich 
dtitrSnted cotnpadq; drrhnanm. for example, tome nnniber of the lint otder modch miy reside a remote baticrn and 
aininitnicate their {CDerited bypothctet ria cbe kternct 



. 17 

lit u ilttrntivt mlKiilinimt «f tbt prem iwtiitien, tl* pnKoiinj follimnE rts jmcratBii of iKtioa liypottieio (mSi (uvinj 
in inital loatim ntttnaft) tlK order looilcb nay Ic mdi ttiat ttiii procasint an be (miital «i Intmtct m ludct jitd tlic (int trdcr 
noddi Euy mUt it IntcrKt lam m bi din conA^ntioii, u Interna iter vat rciuct hipbna fttn mcli romite fint tnlcr noddi 
lod yafim the remiiniit; proceistiif » hh/ber Dsdt 

MdidonaDy. note that it B wtttiin the uopc nT the pcm mttion a imvide one or nDre (entnt hiatioii devcbprnent lits tlut 
in; be oetworN to, for aanple, icojrai^tQDy ditptned loatin (oiten (rondiit! loatiso Krvka xcordiii; tn the prcicnt inrattuni, 
Miereiii the fOfti hh; be acttiifd, nhtitated, cohiind or rmred dynaniany m Ktmit (smm (ria, tf^ tlic Imnct] Mth a central 
iKitKui devcbpim site. Thus, a mtaD tut nptdlr jroyini iiniiiidpiliEy in nbttinteliir flu low dosity art) top tnittaDy be prtridtd with 
actm a, for eomple, two or ttirct m for fcnentiii! kntioii Ipithcsfl in the iniii)cipjrit]rt rctativcir tincttttcrcd tad» vfimkii 
msmm. However, n the potubtioii dentity Incrtitei inJ the radio ligiulin; ovinuuDcnt bcumici dutternl bjr, ftr eniiiple, tfimsil 
iiolK ai!d nMltipth, additioiu! OT iltmiiti»( fOfh way bt transferrrf 

Note that io w cnitiodiniatti of the prctffit invcotioii^ 
proceitiii; oriiypottiafl (e^, bation hypothetei, or other appMoo tpcaft bypothcm), the fOMi can be flxorporattd into aa Qperrtyimo, 
if dctired. For ctanplc, cacli FDn may be activated (rttni an amedoit an expert lyitcm niic. Tint, tbc antecedent for inch a mlc on 
evaluate ti HE if the FOn ntjati a ImtRn liypgtlieui, and the mnttiiitnt portion of mch a rule nay pot the outpat location hypottiesii on a 
Dit of toattoii hypttheui Karriog in i pjniailar tinx window for atlxcqtiait piKctiing by the lootun cotter. Aitmtativety, actiratioa the 
FOfh nuy be in the conwuitut) of ndi apert lyitem mitt That ii. the antttedent of sich an expert lyiteni rale may dettrnrint if tbt 
c«Ddttioinareapprtpriatcfiiriimldi|fthcr()n(Ointhcralt'tcoinci|iicnt: 

Ibe present invention may iho be tonflpired ti i bbcUioard lyitein mth intetlfeent ajenti (FOfi!). in tiiit aiMraent, racb itf the 
InttlliEeittageDn h alikat»l mini atibived data to that for each of tts iopntdata tm pravided e^dtrettty ts thcintel!i{eot^cnn or to 
tbe bbddvard, each hypothetii generated and pbccd no tlit Uadiioard by the inttHiscnt ^enti h« a corrapoindbi; omfidence nloe indicatire 
of an expected nQdity of the hypotbciti. 

Of cmne, other udiwtre artbiteoorci may alto ti titd in implcnMiqs the {ffocessiq; of the location (enttr without departn:; 
front icope of tbe pretent invention, bi (tartkular. oltlect-nienttd arttiitcctsres arc abo within tbe scope if the prnent invcotion. For oianiplc. 
tbe KIH! ray be object lethodi «i an US toation eidraator oljea «*er(iii the (Stimattr object reteivts labttintially aH tatjct MS location 
lignal data mtpot by tbt ttfiui fiitcrinj wbiyittnL iUterrati^dy, toftware but arthittcnrei are couerapJattd by tiit present nvtntion, as one - 
ikilied in the artwHI ondentand, wherein the software arthittttare may bemwhiiarind Mitate parallel fcotesiii?. 

fiitther fcatirti and advant^jct of tiit prttent inraition are prblcd by ibt ^rcs and detadcd desaiptton Kcmptnyiiie tbit 
inraitioD tmnnury. 



HtlETDDaitPItOltOfliiEDmWIII&S 



IS 

Til 1 illKitntti nrtotit jKnpccnra tS tidii propi^oa oppommitia wtikli ntir bt comiilcrcil in liimH cDrrditinii with 
BobiltDtiwitjrtiiijraTO 

rij. 1 ttKwi npcm of tlx tw>riy niTw pio^tion imdd ind the cffa& of urtan duttcr. 

ri;. } prcYidfl i typkii ctunplc i^'Ikiw tlu ttitiitial pmr ioSsix it nkulatrd ia dnisn i CoiDinmial !aS[i Jcrna - 

4 flbunts in ivcnll rinr of i wdcii ratio locaHctn iictwnt irclutcctiirc, tenl od advaiKol incdrifciit imorli [AID] 

rif. { is J tii^ Icvd blocli fasim of u cmtioiiiniait of the praoit iiiraitkm for loatiii! i rntbilc itatioit (ttS) witiuii i ndio 
(ovciTjc jra for tiit pram imaitioiL 
10 Ej£.iiiilii^l(rcltiloddi3;nniofthclocittooc(mi4i 

rt;. T H 1 Iqiili kYd blodi diigram of tlic hypotticsi! cninitor for tht loation ctnrcr. 

fi^tiijnlNtiotiJltrain^rdimivclii^lcvdbloclidl^pMaidjtrittq; amti Horn bctwcn tlic componciiti tf 
(iisS/Bi mvi ty) tbc loQtxui ctnttT/fittwa/ i4Z,Jivc!ltiKAiictiuia!ityoftliflcainiponciiti. 

riEt. ind f I in i hifh Iml djti itmcttirc diajnra dnailui; ttx fiddi of i bntioo hyfuttnii object goicrattd by tlx tint 
13 order EQNlcii 1124 oftlKlocition (Otter. 

ft;. 10 ri i jraphicil iDntttitioo of tlx (emputatloii pofDraxiI by tht raott lildihood gtiimtor ^y^n of tlic hypotholi mlitator. 

ri;. T] ti 1 bi^ Wd blod da^m of the mobile bate itatioa (KtS). 

fi^ n K a hijh krel itite tninitioD dijgrani deimtut; computational itatei the Mobile iaie ititivo csttn dutin; opetatuiL 
)} 11 a hi^li lerd SssnQ lintritiiii the (bta tmicnral otginiution of the Kobilc llaie (tation capabinty for latononiouiV 
20 detemiini:^ imfEt^ KtS kation from i pibnlitr of pncntiallr cooilictni{ nSS locition ntimatii^ loorcn. 
Ti;. 14 itmtntti ttic primiry coinpoDcnti of the itpial tohystenL 
fie. ij iOiimitt! hov utomatic fmmmi ef mtlik station infornatun frop nniltipic (M mn. 
ft Bbitrata UDtlier enibodhncntof the bom ei|!iuicijf, vhercoi theuntenadttittcr ]]}b [doiotat ui thii ^rc ai 
loattoa hjfpothetii idjuiter msiiia'] indodct t module [mi) that ii npable of adjuitan; loati«i hypothcitt for reGibility, ind another 
25 nioiJyle (1440) that b apibEe of aTjnttii? hxatioa hypothew fiir Jtcntjcy. 

ftj. 1] iatitratn the prinmy conpoDtuti of the «[nal pweisii? ghysttm. 
fit )1 h 1 bteA dii^ fbnher ilhimitini tht preset inrention as a wdai bcatioii ^ttway. 
fit. rq ri 1 bM diajrani of in electronic networlKd yellow jia^ for providtn; inttCifient advmisiii; tervicet, vherelo wtntoi 
bationservicnciaybeiitirized. 

30 DnAiUDtfsoupfion 



Detjikd DewiptHifllntroduawii 



Hbai pfrtbrraing wirchi Iwtioii » KticiiW totiit, wbitjntul imprevenitim is radij KntBi no k ithiffol lina m and 
other ifnnttd nUiii ttramiiaiatiDii mmmm on be ittfd fiir oUbdohs ni\t loation. for taraplt. tte apjlulidn aad atewd 
intdfiEtnt netmrt (Alfl) Jlrady prwMt i mnctnmiliritr of wirttei Ixatioa, ai n nttnary a, (or oampte. priptrly im 1 tEnninatinj 
aa to in ftS. So* iitfDrnatian, ertsiially tDttmlcil ftir oH prKfliinsBiajt, on bt ic-awl in tunjiijictiiinintii tht wirdai loatitm procniinj 
dflcrilial tenn n pniviilt widtii Iwtkiii ia ttit larjt ftt., « damnint wlikli CBwtiy, itatt ind dty a pJrttcular US ii locattd), and wircfci! 
locatiDii in tlx tiDia [i c, wiiicli loatioi), pitii or minnt a fcv Iniiidrnl r«t a fim KS is iKitcd). 

Rj. 4 (la IcirtI diasrain of ent tnibBdiraat of a wtrflw ndiolootioa artdittcrarc fat £te prcjott inraaaii. /rarfmgly, tiiii 
fipirt liiiiitritei ttt intnionncaioni bttwctti tfit oinpiwiiti of a wirdoi tcBiibr anmniiiicarira Mwotk, ndi ai, a t«iial PO ottwort 
CBnflpintioii aad nrtooi coraponait! tlut ire ipwift to tin prttcnt \mm. In pattiratar, ai m mi in tht irrwiH tmimtaiid, a typial 
Mrttei(PO)iitiwortiiKliiilB: 

(a) J (largt) pluiarrtif of wirdst raotiile itatwni (ftti) J40 (or at tat out of mitt rtlattd nmimiiiatioii, ratal {^., tot mcIi at ii 
provKjol by a ihort moit ma] conntiiiiQtiDii, lod accordiii; to proait inrentioit. loattoo related 
(Dmimiiiotioi Nott tflat twot (f tlit ttii 140 mj mJaSt ik {Jettronio and tonfipondinj toftwart B dtttn iM protai 
ij^h fiti noD-torntriil mmnm ititiom mcli ai its and/or HUM lattSittL fti^tow, note tliar ntdi ncit- 
tmutrul tranintiiiico itadoos an alio Ik li|eh attitude aircraft wlucli, (4., can Ism orcr a mmtporttan ira thcrcbr 
faciTitatii^ wirdoi communinciont; 

{li} J mobile iwittliins ttnttr (HSq 

[() a pbrality of mrcltsi tea (tttj in a radio tomjjc area m, wfieicin tacli tcO litt intSidn an infrjitmoure b«t ttation nidi n 
tlisK tibtlcd 112 (or nriatioiB ttetof nidm mJI • luS). In patticolir, tfic bait intiom m. doiotc tht itinilard iigit 
tnfc fRcd loQdoii bait ftitioiH aifd for mke and data amnniiniatioii vidi a pbiraEty of Hit 140, and, icardin; to tbc 
irtiait inrottion, alic »td for conummiadon of infonnadon related to loadi;; ndi ftSi 140. Addidonalfr, note that dK 
bate itadom labeled 1^ are more direcdy rdatcd to wirelesi kndoii cnableinent for ccample, ai detvibed in peattr detaa 
Iteretnbdow, the bate ttatnm 19 may tc tow cost, low fbncdiinality traoiponden diat are ned primarily iit uniintiaiQdi^ HS 
iocadon related infoimadon to tiie tation [eoten4i («i toje itadom mind tit fttC m). Bote diat edai itattd 
odKjwiie. tht bJit itadom ip win bf reftned di btrauilttr ai focation bait itadonfi) tp or limply L!l(i) tjz; 

[d] a public iwittlitd ttltptiooe nttwort; (PilH) 1:4 (vhich ma; iodndt itpaEii; tyttem fuiki U hirinj nctvork nottol 
corapoDoiti mdi at: a ttrvite (ontrol point {S(P) 104 , one or more ipaRiuttaiuferprain (STPi) no. 

In addidon ttit ptratnt invtndon providei one or more toadon anttn/fatewayi 141 Sach pttwap may be dscribed at a 
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k toattm ccnttr/pttway J42. (jho be rcftrrtd ti it 1 botioii [tottr/pttwiy, w limptf pRwarf , in rcsponK to a loatira 
roiuw raciral it tht IntaiMi tcntrr. can rninot ictiratkiii of out cr morr if a pSinOty of lirdai lootkui m/inifliia in ffder to Iwtt an 
Him 

niimi flDbotfiratnti arc jmiti heroi tf ttit Iwttoit ctnttr/pttnr 141. In prtiailir, F?. iJ ii blot ft?jnra ilbiiiutin; 
aMtfi£rtnilio(niiitBt(f[ti£loaSoii ctnttr/ptwiy 142 of tht prtttnt iwentHiiL Mote that tbe wdoi lootioii pttway aamtMii f tipiati 
imybtdcptQileitttipoii, ti, 

(a] iMr(toiimorkirttbwhichtlKnSi40D]irbtincoimncbai^^ 

(t) 1 oMicrdat nubile ndio imorli npportiiij tdtplunif foDOigiiirtty, 
(if) aibortiiwHjinjwyiccorjiipnjDetwnt; 

[iii) 1 wirttai iwworlt totum (brimridK? toatioa rdatri injonnatifln nitti ai fiPS and LOIiAII f. 
ft/) lirtltH carrier Mtptndeiit oetworitj fiir tafmH wirdtii loatioit nidi ai tbc witdm toiioa 

BttMirIt proridd by nnw Hirec, Suitt #nt, mm Arrimn, joij jtti /ytmc H.f,. [iljaiy, AH IlA 

in. 

(y) a wirdtn brtailcjitinj Ktwort for me in activitin! an HS 140 of, (4, a tttien rttock nidi « ii jrovided 

by UJad[(o)iKiratioii, ;j} am Street, Icdtun, IV, mth, and/or 
{n") 1 liybriil ittworli intbiiiii? portitm of lirdeii netwoflo each itetifKrli proridiflt diffntnt typo of lipial 

DieaflireiiKBB (or ptrjonoin wirttcit Iwatioii); 

(b) tbc loQCion lijnit roeanirenieit obtjuiii? apalitiej of tiK wirdett nttwort Mtb wbkh tie (ft may be in twititt, for 
eample, ndi 1 networt may onlf iBRiort 1 netvorlt ratric loation ttduiiqu t; 

{() tilt (tiiictimritytf the H^owcbaiitbetifpeWrfMrefciMiEnah 
at: 

(0 Dos-tcrrtitrialfi^lititdiiifintlgnah, 

[iQ lipibli^inwtrekiibtaniiueMcaitiisfym 

Matt imoria for idintiii; an Hi ip attadieil to the miko 
IM weltiittiepiioD|ffrot9cohlil[t(Dftt,IlfU,jn4^or6Sfl, 
m a iil^dy lootioa of tt)t taiiet HS 140. for example, if tht target HS 140 (t Eltely to be m Japm rather tbaa tht bnittJ 
itattj, tta tht loatira teiyice prmitr [ontactfll by tbe ptewiy ^ 
imlerifthefntilOteiytDbciDthtlli 
Koreirrcr, rcprirui; tht i^nltty of wdeu loatton tedisiqiiti (cmbMliiim thereof aho denoted liereo) at Iration eitinnnin'] 
fbriiiidi lotntioii may bt requHtol by theptewjy, rtmetediniiiiitt niiy be t^locatei witii tbtpttwy.iatitibfe ria 1 KmA indndint: 
(i] lul iro Ktwria, and pi) widt area ittworlii nth at a ttltphony (lirti nr mreitii) Dttmrlt, the Inttniet or a obit nttmrt Itie 
pttway 141 may supply to flic or mere of the \aa^a atbnaton, tDeawronaiti of annmuniatiiin between the Hi 140 and ene or more 



nnwtrh f!ir tmmi i tmtion of tiK Hi i^s. Alttnutivtly, imtad tf nippVinj m \ammm (boll^ or f orottly, iitd, ™ a 
Dttwork or ottwwiK), the ptcwy 142 ntay prmtilt. witti ttt loatioii Jttivjtioit rtiiiiBt, in idcniliatiini of wticrc tht nramronain may bt 
• obained (t^„ one m more Ktmrk jiHrtnci). In ytt Kottitr altmiativt, tatti 1 pttny 141 may alw imil reiiitit(() to tlit nttmrltfi) 
liavin; nch Hi annnmnicitiaa mcanircincim n fimard tbcin to fiartiailir badOD cstiinatori. Kott, ttut Pt pntonnin; tJinc caib, tiic 
ptwayi42 may rmife wittt a iKation rtipittt (or nay ittrim in rtipomt tiicrtto) rafflrmition rtprdtnE ^ fitnctionarity of tiit tirjtt Hi 
14a. c{., ai dimnttd itmrc. Accordinsly, nch iofbtmatioa may be null in tckttiii; tlx kicatun cttinator to im m xmM r^et h 
pmiitcd. TlnK,t{it|3ttwayi4zmiytKt)ic inttrmciTQry betwcoi lontuo rcqtintui; appBotigni ami tlx bmira attmaton, cticreby 
imirtdin! a mplt. nnifirai appliatjoo |irnjrainmii« inttrfe (API) fiir wth appfitatioiB subitjnTially indtpduKntty of tht locatioi] titimaton 
that art aomttd to liilfill rath loatwn rfipitjti Hortrnw. titpttwiy 142 (tr tmbodimtnti tfttrtof) on snhtanttalty taie tht burden on 
polocatioD ma fmim by ftmi^ a nilittaiitially uniform nwted for t]iatm tajtt ftS/imorlt lipal data for mt in hntinj the 
target ML ta, Ij inttrfttii? to tht pttway 141, 1 botion lemce provider may talKtantiatly reduce the nitralier iiid tompltiiry of iB data 
tidunp intnfwi with the w(!e» nttmrb for obtainiig tarjtt HS/nttmrl: HemI das. Similarly, the nttwmla apnirinj stth t^l data 
may alit rtdittt tht tctmjtemy and number of their inttr^ces for providu:; tuch ipal im to btatxii) letvict providen. MiiltfoiiaDy, note 
that the ptewiy may iho fiilfill bcation requeiti wherdn tht bcation ii for 1 itationaty and/or vircGnt handitt inncad of a mobltt ttatioa 
140. kcordih!ily, tht jattwiy 141 may repcst uceii to, e^., phone loadon iafbrmatiDn ttored in a carrier'i databaie tf premiie f^wiiioniii; 
(quipmcDt at one tkllled it tht art will nndcntind. 

In lonte anbfflfiratnti tf ttit pttway 141. it may alto mxt m tht prtvidinj ttrtain locatttn related temct! in addition to 
proriiint ^., Hi 140 loationt. In partintlaj, ont or mort of ttit follotrifls loatira rdattd tervicet nay be fadlitattd the pttway 141 or 
may be made operative rii the wireleii loation (apabilitin of the jateway ^L Howtvtr, note that the foEowlBj kKatioa related itivitB can, in 
gesetal, be provided wth«t uie of a pteway 142, albdt. e^,. in a litaly more ratricttd contort wherrin not iD avaitalle ivirtletf loation 
ettiiDitins ttchniipiet are utiBied, and/or ly [iiiilti(*yinj the number of intetfito to ^bcation terrier providtn (e^. dittintt wireloi hntion 
ioterftcei provided dirtttflf to tach wittloi lotatira lervlte provider utiliied). further note that at loiue of theit applicatiom ire deiotbed In 
ptater detail m law itctionthoein: 

(10.1) Itmtint inttmctttini fff dtrecth? a vehide cr penon to jet t» a dnirtd dtitinition. Note, that there are varioti fimnt if 
ntiliiinj fti loation apaliliitiei to dttcnniK an appropriate ton tt. and rdattd teachinp are pmiiled in copoidiqs III 
(Btto aRtotion tittal, TfirtlcH tootioii tsins / fbnCty of tanmiaj hetwort infrasiracnirei; by F. K. ItSbnc 
Dupriy and Karrjiled JaiL 11, t^fl and havi? US fattnt Bo. I>M iiwtd fliri2. looi which it Itilty incorporated herelit 
byieferoxt, and bythefiMii two [o[iauRn;li.S. patent appQatioinvhichveiho iKorporattd herdn by reftrcntt: 
(i) "location Of * Hnbile Station' filed Ibv. 14, iii^ havinj Witation Bo. o?/iHitj whoie iirraiton are Huptay and 
Karr, and [ji] 7 Ifirelett Location [ytten for CilibratuiE Hultipie Ucation fttimatort' fOeii Ocrober zi. mi havu^e 
AppflGtion Ito. o<)Aji,5lt7 whott inventor ri Oupray. Adfrtionaliy, other routinj lenncB ntay afio be provided by the 
ptrwiy i4i (or by tervitt providtn in cooperation with the pteway). for ejaniple, tht pttway 141 may cooperate 
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witJi in jutonateil ipwcJi reajnitioii iDttrpraitioii iiul lyntlwh unit ftr pnrarmj jnliiBntjally jminjtcd inttnctire 
nuDtmiuatioii wittuo Mi 14) (or prwiiliBi ipolicii dirttttois. Hm ttiat racli firccrioin roif be pnraltil in ttrm of 
itreo iHiDcs ind/tr dfloiptkiis of tbt tttnin (tj, ttit jlaii hjjli mt on the Itft liarin; ftnli tinttd jlw"). 

(10.1) Uvmhil^^l^rlKji^ea^dtoll)nl^olalm^^|Jto^tI1H^:w biitlnttwncttudtaitippcinthitmnoDtm 
do not rapod trdi n iiuclidtcd vircbt idroiHcniait wtiobcr loQticii toed or orttcrvht Hovmr, in rnpctnu to 
{frHin ustr (Mrio fi)r loaHf miUMt mcrtiujdiit, (emiii Jdvtrtiitnitiin jna/ lit ntwal in j mt fiiaidly risht 
Tim, ^ allowing an HS iittr to coBQCt, ti. 1 wrclKi idratnii^ portal by mice or ra wrdcsi Incmtt, inil dcioibt 
ttrab iwrtiiandhe deirtd [ti^ na innwiiK Kith an aotoimttd ipetrti iitttrMiuii unit) tht sitrnuy b( atilt to 
dBffibtaiidrKcrfe{atliii/titrHii4o)raial ftipiayiafjiierttiandiKtJiatiijyatisfriiicluificr'i rcipiM. For 
cm0t, in fK DOT niay providt a ipoktn ruiiiBt oid K: "I need a iliiit, ito lot iptdah our litre?". 

(M.j) ^KifetioiB ttiat MDtteit roadi? ifitH iiftty (tr mittin! Hi B(tn witti rcptm nicli a low dfl I grt back to tht liotd 

[104) AppDatbnt tiut mntiine rmtti|j[ witti ictni;;iiiiM toor viKri roiitin; k tsttracttK and dtpcndii^ on fttdkli 

(rum wtn rtjardim tj^ sitr inttrtiti; 
[ig.j] /pi^iatjoiK uiirif tnttmtt pictiirt capturt wtcti rtal timt voice capture and ffi loation (t|., (]^ami itcurity. isd 

lavtnfbrctniait), 

(ui] liiteOi;att[r^|)ortatKn(e{..n« coianonded rdiidn) 

AppScatwd! tJiat monitor wtittiicr or not a ptnon or oijert {ti. a ireludt) h witliin a predettrmintd twundary. (tote, 
tliit rach 11 ipplicatioa nay aatonatiaBy provide iptecli output to ttie HS oitr (or other auttoriitd uitr) when the 
ptnon or obitttii beyond the prtdtttmimdhranduy; 
(iD.t] AppIiatioDt that rnte to in event and ntonatically dctermbie pariun; avaibtiiGiy and where to paric; 
[v>.H) Traflii/veathtraiiiditionniatin; 
fnrtber note that varinf arthitectiirei lor tht loatian ccnter/loation gitevay art within tbt lape ofttie inrcntioa incbdin; a 
dtitribtiteil arcliitcctnre wherein in ^itinn to the IDNi btiiu (otubly mmij accciiol (c{., via a comnnnicatiDni network rath k the 
Internet], the jattway jtidTEDir be dittiiliatcd tbnojbmt out or more tooMinicttion nctwDrlo. Jki, a location rcipint rccctred at a lint 
loatkin jattway pmion may be nwttd to a tttonj torion pttway portion (e^., via the Internet). Such a iinributed pmj may be 
CKiildaed a "nietjfateny" and in fetsuthpttway psttiom maybtHtll/ ftntttoninspttwjyi in tiieiriwn rifht Ihoi, aich mitinE 
thtrtbttwten mij be due to tontraonal amupmenti between the two ptewayi (each mtii loatkin reipciti for a dilferait networt, 
wirtleii arrier, ind/or f cofraphica] re^n). For eiample, Ibr Ixatiiif a itelen vefaidt. it ii not Bncommon for tht ttolen vchidc ti be 
tranpertcd rapidly beyond the mn^t area of 1 local »r rejional w^deii rehide bcitin; terrict Horcovcr, a jirai location jatcway may 
prtvide loGttion infbnnation lor only certain areat oirTetpodinj. t^.. to otntractiiai ainiifcnKiiti with tht wirdot carritn with iriiiih the 
location gateway ii affiliated, Iliti(, a firtt loation pttway may provide vehicle locjtioin |br a lint oiBettion of one or more wirelesi itetwnti, 
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JiU J wdiiil loadra m may mit reliictt loam ftr i iccirail toIMin «f iw «r more mcim uttwtta. tordingly, fw an fO 140 
taBt intiij rttidt ifliicli aa be itomtd iy dk a mort wirdni uttwrb (or pKtiwij rtitrmf) ra (acb of tJit (int ind iMDd collMiom, dim 
if ttit Tthidt ti infctt, tfK fim pttwiy iwj b( initiany 

the(intailleci»ii of one or wore wirdra nttmrb, ini if tJitythidtaii not h loatril, tfttfitttptrwyinar provlilej locatkiB rapet tt tiie 
Sttond pttway for tiitrtlir toafinj ttit ttdai ydiiclt ra wdm cwraraojatioin iwtli em or mn wirttei Dflwrb of tht kcohiI toIltttloiL 
fiirttimijort. ttic M pmf miy pmit locwira rapitsB fiir tiit noltn rcliidt to otiiff loatira ptrwjyi 
Hit irsait invootoa pridn tbt ^oviit; iditinB] conponciiti: 

(n.]) UK or nort mobile ta tntiow 14* {Hi!) wtiitli are optional, (br p trjiioBy trarelirii towanl the tatjer flS 140 or 
tndditjtlietjrEttHS; 

fni) i ptonOty of hwtioo li»e latiJiK iji (Hi) wliidi are ofttional, fistritateil wdiin the nifio covcrjje artai izo, taeft 
111 iji hiriflj J rdativt^f nail MS 140 dtttttim area 154. Bote diat M tiSi 19 muf aho vim totniet anil/or 
rCP/ir trinsiiiliiitiiii fiir trintniitttiie mal loQticiii related inJiitiaatKii(e{.,Erapliical,orpictortal)ielate(ltoaiift 
loatioflrcijaetL 

Since loation base ititknB 151 caiilit Isateil on, ti, eacli floor <f 1 luijltiitoty liiiilifH?, the w&etoi iKatsjii tetiipoli^y ilBoibeil 
liereiii can be gsed » perftnn locatiDn in ttmtt of licigtit ai id! ai ty tadtade and loniitiide. 

In opftatioa, u HS 140 may ntiliif me or more of the wireloi tedinol^fiei, tDHA, mm, Afitt, HtfiPS or m fur M'rrfen 
fliiiiinniiiatHio widi: {a) one or more infraidictnre hit (tatiOBi m, (b) mobile baie itadonfi) ^t, or (c) an Uti iji. WdidonaDy, note diat b 
lone trabcNlintnti of the invendon. tiwe may be ftS to fIS contraunicarion. 

Wcnin! to r?. 4 again, idfidonal detail ii provided of typical bau ttatton covtraje area), wtoriution. and h?li lerd onpoDenB 
ma i ndb cmei^f jrta no, iijclijdii« die HS( ttl Uiree eieinplaty toe itatioui (SSi) are niil, T2il jral mC aA of which radiate 
rtftrenthij ilsuli within tdcir area if cirerigt 161 a fidtate mobile (tadon (Hi) 140 radio frepency tnujtctivity, and Yaritm tirainj jnJ 
fpchroniiitttii ftmm. Mote that lonx toe itadom may contain no lecton ijo [e^. i2zf), dnt nfudnj anil rccemh; tifnah in 1 }bo 
dejm oranidhectional corenp area patttn, or the toe itatton nray tjntain "iioart antmiHi' which hare ipecialiwf tcraaje area pitttmL 
hower. dK jenoally moit fmsim toe Jtadom lu have three lettor ijo coYer^je area patttrai. For euraple, toe ttadoi 112JI indado 
lecton i}0, iddffitwliy labeW 1, b and t toonlinjJy. each of die lecton ijo nfate and receire ignah in jn appmxiniatt no degree arc. from 
an mm m. h one «ed in the art wiB ondentaod, acttia! baie ladoo must areai )i<) (ityftdcjlly repreieiittd by bcqjoni aboot 
the base ttadom lu) pntraDy ire dojpied to o^trtap 0 lome eittnt, dni tnnirins leiraleii cofer^je ht a ja?rapbtcal area, (ontrtt 
dcctronia within ejch bw ttation m arc nved to coraminicate wtrli i mobile (tadom 140. InJbnnadwi rcprih? die im^ am ftr eacJi 
lector i;o, nch at is niigt, area, ind 'hiilo' or arm of DO corcnje (wittiin dx radio uvertje areaiu],niaybt][ninn)an<lnicdbydie 
lixadon(intcri4in^ilitate)oation dettmlnadon. Fnrdtcr, dnriin (onunoniatkin with 1 mobile itattD0 140, the idendficitun of acb baie 
itition ruconmnicadqfvtthd)eHSi4aafwtll.iiaiiyiector idcndficatiDn hiAinnabon, jmy be junvn and pttndcd to the locadoi center 
14L 
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In the OK «f tilt bait itatten tjfpti m, 14*, iM toraminiatin! Ijatfon infonnjtion, J liw (atioB or moliility (oiitroHcr ij4 
(IK) antroli, prKnin utd pmriils an 'mm ixsm ttpam 'nd cmntnatini tticphcnc Qlh from/tt mobile tadDD [IV)) 140, mil tlx 
Bubilt iwltdi ttiittr(ftiO to. Hk ftStm. oiKtit-«tw-liaDij, pcrfbriDiniirei idninlitntioiiliiKtioiK itidiJt irabiltttitton 140 
rt^ttatun. lutlitatHitiiiii and ttit rttayji^ si nrini lyittni parantom, ai one iIuIIrI In the art will nulcntaiid. 

Hit Ut (Qtiont m may Ik cmplnl tiy ntiotit tnnsport ^lOtki r/b wcti k Inttd linQ, jtanc rdaf T-Camti Onh, i»|itical fiber 
Ml or tiy nkronirc communiatioo Gnb. 

Kbcn in M 140 it pomcil en anil b tbc idle fate, it mtisntf mian ttic pilot ipai miNmiiiioin Inn adi of ttu liate 
ititioni m bated ai newliy kO itto. Sntt iwt (tatimv'wttr artraje ireai nwy otat owtap, lodi OYOlJBiinE tnablti an HS 140 to 
iletttt, and. b tiK CJK of certain wirekst tethnolngiH, tomnnmiate linnitaneomlr alon; botli the fenwd ami rtvtne patin, wittt nwltipit 
li»e natioin vi and/or lecttn i;o. In ^. 4, die tonttintlr ndiattii; pitn tisnab bt» ttatim teaon i;o, nidDi tctton 1, b and c 1^ BS 
Tu/, ire dtttoable by HSi 140 witlila tiie toverije area tti fiir JS That is, djemolHlt ititiann^o lonfiir pikitttajiDth, corteipomrnii 
n a Jinn bate ttadoiv'ieaor identic (l>H}, for iammst n mb coverage area 16^ [ic, cell) it it contaiud. Dtii it pofbnncil by 
cvnipariiii tijinal itien^ «S pilot ijgiBlt tnminittnl frora thett partiffltar cclhittt. 

Iti( jDobile itatioo 140 tfien Initiatet a rejitttatittn reijoett wtii the HiC R ria ttie bate ititira controller 174. Ihe ftSC m 
dctmnintt vhcthtr tr DOt the nobtlc itatittn 14a ti allowed n proceed with the r(jittntii»i prdccti [occpt, cj.. oi die cate tf a fii call, 
wtiereio no regiitrition prtctti it rtiptirtil). Once inf rtpied rejiimtioD ii complete, ollt mi be or^jinattd from the mobile itation 140 or 
Qlh n iliort raciijje lerrice raoiaiei can be retenrcd frmi the nttwort Ibtt that the flK m tBiimniatei « ipprtprtite, wth a daii 4/5 
wefpttelephBiiydrnilttwtih or odm central ofiicti,(onn«ttd to diePSn)ii4iietworL WtentnloflKeiaiiinttttinwrtlinttfnniiiaii, 
wthit tdtphont!, or any tonmranicadoii device compatible «tli a wrtllne. IhePSIll R4 nayako pnniltaiiinecdim to loflj dhtante 
nttwortoand other networti. 

Ibe m may aho utilize IV41 data ctraiici or tnnb lomiectiiiE to tignal tninfcr peint iro. iriiich in mm tonneco to a teivice 
contrtil point 104, irii Syttcni #] (lijj sigoaliit; Enb [c^., tninin} fa intcDigoit qH procctsiq[, at tnc ihHed in the att vHi 
i)Dilcntai!d.lntticcateoriirirdniAltl icrvicct tcchlinbarentedfiiranniiidQi Imtrocdon of caBi interacdp; vittKheKtCinoranysvi^ 
capable of prtnridiii; iciYice ivitctitri; point fiinaioni, and the public mtchcd tdephont setwort [PSTN] 114, witti potiiblc ttnninadon badi t) 
thewirtieidWwtrlc. 

Btfcrrni; idB to F? . 4, die barton Knter/jattwy (IQ 14: interftco with die fliC m tiiher lii dcdiattd trantport ficiiinej tjl, 
4[|e. n-, "ly mmber of IAIVHAII ttdinotipet, tnch at fdieraet, fttt Ethmw, franie rtby, nma! iriratt nttworta, ttt, or ria die fSIB 114. 
Ihtiattwjy 142 may teceiit ntonomoui (ts, unjolidttd) coimiiiid/retponte raei«jei rtgaidiij. (iff ctample: (a) tiie jtatttfthe irircJeii 
Detworli of each unmeroal radii term proiriier orilliinE the LC141 for wireloi Ixarion teryitet, (b) HS 140 and BS m radio frepency (Rf) 
nxatorenm, (t] conmittitiationt widi any ni^ 14^, and (d) badon appliatinn rciii:ettini n kotion niin; die location (Mtr/iitetny 
i4t (onvendy, the LC 142 nay provide lata and cointol infiRtiianoo to ndi if die above coniuncitti la (a) - (dji AddidonalV. ^ 
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iwy pmidc Iratioa infmwtkiD tt an « 140. ra 1 li m. ftortovtr, in tht aic iif ite Btt if i noSlt laif iBtisa (KBS) 141, ttvaat 
conuntniiadiiiii jutid mi mt m\i the iC 141 

Hk flBi 14J may w Ji J lof mt. pjrttjlly-liincttoral inovins Ijk latioit, and h. b cac tntaiTinwit, fltiiatnl in j vtti'idt (4., 
bnd, mttr or liroaft} vbat m ejmm raiy eng^jt in ftS rarrtiiits and tncHi? wimio. In pnmdinj tfint attmtin niins (im, llit 
MIS 14* pnmilej a ftuward M paot dunnd for a tarjtt f6 140, ind iDlistipiottlif rectira nniipt Ji pkit itrtupti mtanirtinfliti fnira tJic HS 
i4a.II)cHlSi4lilioin[hii]o]inab{lc[tatftia!4i)[iiritiQ ciMniniatjoR vtttitticjattvari42,naitSn2.lnptrticiilar,ttich(Iin 
oiinnMnJation indudci ttlantttrinj at Itait the jtcgraplut positkiB (ur etinatts ttitr«i[) ef tto HIS mm If nifaitrcnitnts rdattd n 
ipab rettmd fsta the tarjtt HS 140, and in wmt emlodinitiin, m vfi titiiajto of tlit feation nf ttit taijtt NS 140. la m 
tsMmm, tiK flBS Hi may tnTw mnltiplt-linin fiitd iitttnna amy cfeintnti and/or a iraralilt mm Iwni mmi, ntl at 1 
rakniwavt dhli ifi. Tlic antmnai fw inch cnMnicnti may lu/t i bitwn irkntatioii in tsia a fiiitJitr itta a ndii kiatHa of tlK taijtt 
Hi 140 vitfi rapttt ni an atimatol rarrtnt tottoa of tlie ftlS i4i, Ai Ml! bt dcitribtd in nitrt tM titrein lidtw, the fllS 14! may fiirttitr 
tmtiin a attlfa (q, jtolal poiittdnins lysras (6PS)) mow {« orlicr mcivtr for iuin-tm«triat firete( lipah) fcr detcrrainint tit 
Imtinn (tfticfliS 14! and/or proniinEwdcn iution mimntt a tirjct US 140, ti, pronTus infmnation » tJit HS to Ktittht HS b 
dcttmlniiisin loation. MdittDnally, clicHBSifj may include diitaMCKnun.d(ad-r«l(Oiiin;d^ 
lyittm ajid diiplay dtricci fiir locating toth tlx HIS 14* indf Ji wdl « tradcuij asd loan':? tht tarjtt flS 140. Th( orapatinE aad diiplay 
ptovido a muflt for (oninninjating tlit poiition of the tatjer HS 140 en a map diipljy to in eptratw cf tJi( M!S 14*. It i ttiiportjnt to nott 
Uiat in oat mWiintnt, an HJS 141 may dtttrraint iti locatira wtiitantially indcpcndoit of tlit tcninMDicitioni nflfflirk(i) m whitli tht ft!S 
tomn^ntatti. 

ladi loation Imt itation (US) 1? h a iw coit teatioa dcritt In lonit tralwlliiioitt, to providt wch liS'i c«t tfftairely, tach L!S 
19 oaljf partiaOy orminimally tappom the air-iiiter^ctttindatih of the oncor mort wirtleii ttttuitli^sin vitd in amuminlatiiigwitti botii the 
SSf n: and the HS! ^». Each US 19, when put in itnfitt, ti placed at a fiied teation, ntcli 11 at a tnflic lignal. lamp poit. trc, iftitmn the 
loatira of tlie US iDjy lit dttttraintd « acotrattty ii. fir aarapit, tht actutacy of tJit bcatton of tht infraitnictuic ISt ru. Ainminj tht 
wirtlffl ttthnology, CDHA. ii nttd, each l\mmi tinit oBitt tf the pibt PH itqatace n idtntify a fimrard m pibt tlHnntL In me ■ 
anbodiraeitt, tach UI iji tinitj a unitpt. tmt^a piltt f H wiufntt thanntl In jccdtdinct Kith tlie CORA itindard in tht (f ipectnni 
dflipiattd fiir JSs ni, luctt that tht channel doti not intctfm with neighboring BSi m cdl lite cfimndi, and does not interftrt wth 
nttghboring US! ijz. bth LBS jp may ah* contab multiple wit toi mmm b ordtt t» laonitor tnnuniiiioD! from 1 tarjtt Hi 140. 
Additionally, tach Hi ip twitaim mobiJt itatioa 140 dtctronin, thtrtliy allowing the tiS t» both be controlltd by, tg., tht gaeway 141 or tht 
wdeii arriati) fiir tht US, and t» ttinmit infotination tu, q.. tht gattwiy 141 (ra. t^., at (eatt ont oeighbofing K in), or to another 
mttcn locitni lemce privider socti at one pttfridiitg one tr more (OHi. 

Ai neotisneii abme. when tht katira jf a particular target HS 140 it doired, tht gattny 141 may rtfluttt batitn bfotmation 
about the tatgtt MS 140 ft»ra, for iattinte, one w more activattd USi 151 b a gcojraphical arta itf"iEterat Atwulingly, whtntYtr tht target 
HS )4<> ii in an US ctvcngt area, or ti mijiccttd ef btin; in tht cwer«ge area, cither upon tsmmand front the {attway 142 (or other totioa 
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itrYicc ftrmilcr}, iir ia t sulitniirally ciiatiiunit [or pcwdic] ^hion, tbt UVi pilirt chinnd ippan tt ttif taijn K 140 n i pctcntiil 
ncporiii; tiaic ititioa diannct. and ((iiKfl|uaitl]f, h pkcd. fiir aamije, in ttit ClfU nci^tttriQe ict, or rk m \mm mm tirjct 
140 (ai m tMat with ttic CtnA itinilardi ill mirsmSi. 

Itarinj ttK mtnoil com pitot torch waam. of tlx imbllc itatioii iiutialiQtjoa ttatt (in ttit target K], the tarjn ni 140 vtB. if 
wittiio ra^ijc of radi an actmted Lll 151. dftttt ttic US pilot protncc (iirin! the CDfW jalot cimuid anptiiitira sohtate. (omfliiiciitly, tte 
t3tj(t Kt 140 fofonn KT puturcincati «n tiK lifiial from tach imti Ul^ 19. Sinilirtir, la xttntcil US ijz an pcrfono Bf mcanircaaitt 
OD tilt wdci! iisDJli frani tJit target fd 140. tonliqEly, tidi Ui tji dtttttiflj tlx tarift US 140 nay ni!iitiitiait1]f ttlcntttcr Iwk to tiic tC 
141 mtawrdDtn roiitti rclattil to lignalj ftdm/to ttit taijct US 140. Horcovcr, itpoii arnimaiiil, ttit taistt fS 140 may tclantttr bat); to tlit 
pteuay 141 in own racajurtiDaitj of tiit liftcati USi tp. anil ttmetjutntly, ttiii m loation infornation. to atigiiiittioii wtJi iootjoo 
rdattd infsnoatira rttmcd Irom tlit BSi ni, aa !« mcil to loatt tlit target flS 140. 

It ilioalil kt noted that an liS ip wH imrmaDy idty tiand-cff reqoMj, time typially tlie \S\ don not rffltiire the added tomitaity 
of luniniiK nice or traflic barer cbaiuidi, atthoqgh ctonomia and pat traffic load (oaditiom nay dictate prcfcrcffit ttcrt. liotc tt»t ifi 
tintin; infonnatira. needed branyOnAb9uttition,iicitherachieKdniit)icincli!iios((fa1oal{iFSr(cti^^ tcloitetry [HDceii jhsn 
i nettiibori!i; conrcnional US 122, iriiicti (ontaim a fil^ receiver and timioe infonnatioii. Since coctjy reqairemenQ are nioimal in nch an in 
^% (rcdiargeaUe] tiatterici tr lolar celh nay k oted to power the USt. ftirtlKr, no Gcpcmrn ttneitriai tramport linic ii typalty teipiired 
(inte tw-my tototitDniation ii providtd by an induded m i4» [or an dettnmic variation ttwcof) wttiin eacli l!S, Tlun, USt 1? miy be 
|iIi(edinDini(niiiib(atiiiDi.nidi ai: 

(1) In dtme tirton aiiyon artai (e^, wbere iipial recijitiiin raiy be poor and/or very noijy); 

(b) in remott areji (e^.. tiitinj. cantpii? inJ ifciinj areji); 

(t) abnj bishwayi (e^ ., for eratrpDcy a wO at raonttotii? tnflic flow), and tiitir rest ititions; or 

[d] in icncral, vttctcrcr more batioa prectiion it required ttui ii ibtiinible uilng other wreteii icfnitntctitre networic 
(omponenti. 

loQtun (enter • Hctworlt Uoncnn API petaiption 

t, totation apptorion propaniniini interact 136 (Fij. 4). dewttd l-API, ii nay be pravided between tiie l»at»n ctater/pteway 
14Z (LQ Bd the mobile iwitdi ctnttr (MSO networit element tyin in order to tend and receive viriBit cntml, iip!a!ianddatarae!Wfti.Uie 
L-tfl maybe Impteneottdtitu^ a preferably b^kapidty phyiial layer comnmnicatioiH intaiate, ndi at l££E itandatd tsii (» bAtI 
fthctiKt), iltbDujh otbcr phytial layer internet coaSd be uied, ncti at fOier o;tic ATtl. frame rdiy, etc ilt lent two fbtit ff l-AFI 
implencntatioa are poitible. In a pnt ate, the li^il control aod data mettages ire prnidcd miit; the HSC irz vcodor't native opentioat 
ncnjpi inherent in ttie prodna ofl'eritij;, without any tftdal tDodificatioitL in a tctond cate, ttie L-API iBckdet 1 fiilt Rilte if conunauti and 
EDCtugiii; (ontentipmfiQliy(tptiniiiedfiirwire!eiiloationpurpotet,whichniayrei^ireuin)e, i}s\mfii minor devchipmcnt on the patt of an 
UK vendor. 
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ii![iul Pntnuirllnaiiitliiit 

Wtrrin! tD riE. T7, i (gial pnictsiii? niluysttni (tabcW niii b iitlitr fijurci) naif fwiiltil [or koiwI) by tiit pttwjy i^i 
iiitti J lipia! protflii^j fflhysttni anf: (i] mtirt toptnil m^a iiul lipial jiiaaireraciin frwii one ir imrt wirtloi itiritt pnmdcr ' 
nttwrrki. and (i) tnusniit Jppwpratt control masa to iiitti iwrtlaj nttworb yb ttit tattiHi ippftatioi!! progranniini Mtc tji 
rtfcraitcd arlitr. (brwirttei Ixitwn parposo. lite lipal nliTitanmojflditBitallyfiroyiilHYirimiiiEBal idtntiliatwii, 
(oiiditioninf and prt-procBiii? ftmctioiti, iiKhilinE bolftring. (ipul typt ctaisi|!utM,"((gnal filttrii?, atmst ami ind rmtinE fiinctioni « 
the loatian atimatin; modnlct ir rorh . 

Ibcrc an be icvcral combinatioin oftKby Jprnil/^ Straijth ten ormcatorciiinn n«dc mHablc to the 1(^1 pncniin; 
BilKyitait mi. In tomt um i mW mm 140 (Tk, i) nny kc abJt to dttitt up to tJirn or fm pilot dianndi rtprtKutii? thin to ftnr 
lilt ititBiB. or ai (Of at oot pilot thanud, dtpcnfu? upon tlx tnvtranniait and wirdw nttmrit oafprajioa Siraibrly, jwiiWy more ttian 
CD( Ei tu Qo dorct a mobile ttitioii 14a tmnmitttr signal, and ttK fact that tmltiplc (m iiK natioa ofiltiam mma\f vSi ombp 
[(Fwr^jtJrai. 

for (jch inoliilc ttatton 140 or IS tzi trantmitttd lijiul thit ti detected by a rccctrcr pmp at a tate or mobile itatun, retpecthdy, 
nniltiple iMaifed lijmli, or 'fin;en" tnay be detected (e{., □ CDFU] and tiacbd renltuigfroniimiltjpathrailjDimp^jationconditioiHliinii 
jira tramnitttr. hi typtal spread ipettma divenity ClflA recemr desiga, the "finf finger rtprtientj the nioit direct, w leait ddayed 
fliultipitb itpiaL Second or poitlblir third or finirth fii|gen nayalu be detected and tncRed, iinimui! the detcctiq[ bate icadoD iot/w mobile 
itarion 140 tODtaiDi a mfiicicnt mimbtr of data ttteiven fiir doing 10. The lipial proceiung nibtyittni nay utilizt niioiii wirtlttt i^fnal 
BieaflireraeDn of tranuniiiittii! between i target moMe (titioo 140 and a oeiwort of baie itationi m, 151 and/or 14*, Such nieanirernentj can 
be inipoitant in effecrhrety eitunating the bation tf mobOe (tationj 140 hi that it is wdl tiwwii that mfatnrcnenti of ifirttat lifnal 
pnpigjtion chaiacttrntio, nch « lifiia! itrcngth (e^., KSI}. time dtby. angle of arriral, aod any number other nieinirmaiti. ran 
indrndaaDy kad to gross cmn in nt 140 loation cstnuatcs. 

Accerlinfly, one aspett of the present utveutiim it directed to utiTiiing a taiger ntunlier of weless signal raeatarCTients, and otiliiing 
a phirality of ns 140 cstinutjoR techniques ti (ontpei»ate lot hHitioii csthnatioo erron generated by some tudt tcchnitpiet. For eample. due to 
the large apital ntliy CDsts associated with prondiiig three or mort orcrlapjilqg base itatiou orerige signals ui every pustible hKatioD. most 
prattial figital Pfl dephijraicnn reralt ht fewerthan three base station pilot channels hetug reportable b the tujotity of loation areas, tlras 
rtsulth? Id a latgd, more amorphout lotatioit estimates by terttstriai triaugulation systemt. Dnit, by utiTiiJng wiretes signal nieasurcmeitts 
frtni a variety of sourtes substantially simnttaneoasly amt/or 'greedily' {it. use whatever signal nttaflirementi can le obtained frora any of the 
signal sources ai tliey are obtained), aldttional tootioii eahancauents can be «btained. for ocample, tiy enhancing a mobile station 140 witb 
deatMia for detecting satellite transmisiions {as done vith mobile base stations 14! and which iho on be riewed as snch an echaoceil mobile 
stition 140) additional loation rdattd signals inaybe obtained troni: 

(a) tb(6rsutcl0tetystciii. 

(b) the (ifobal Ravigition Sitcllte Sysmn ptUSl) satrllite system, a Ituisian counterpart to the 0.1 fiPt system, and/or 
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(c) tilt iBimmiiii !«w ortti orist uttHitt t/ittra {lEDi) iim ludrniin tirtti oiliit Btdlitt (ystcra (ME[h) nitim tiK UUDIDH 
' vpm bcuu Mejd by natoroli Cerp., rtic Wimm lyitcm by Un! ind Qualconiiii, mil tbt tCO mm tyitmi ICO 
6laba[CDiiinitinjat>i>ai. 

JlMii, fcr conibiiiii? trai iiHuBBflitfirtltH Itiatran nitaiuraKnti frDm iTiirtrtt wr*» KinnniJifcatkiii lystnm, acDntt kotkiii tfmfi 
no ii poiiibtt. For contpfc, by if only tw 6PS lattlEtn arc ittmabfc. but tot ii in idditional rtEabfc wirttes litital jntanirantnr front, 
t^., 1 ttrrtitral lu« f Qdon m. ttrai by tria^Eulatfoi aiii? wttei ijjnal intBnroiitiiB dtrivBl from tramniiiiioiii from titJitf ttwt tbrtt ■ 
lotrtts, 1 fnttntDSy rdtiblt aid uniratt K( batktn an bt tbtiintd. 

fbrtiri«r,tbttriiBiiiHikra!jrtnitlitffii4»intdlbrdttcniiirai?tte 
itattsm Iti, ra). It ii wtJiin tlit itopt of tlit pratnt invtnrtoa tint a tarjtt fti 140 may tnnsmit loatios ttlattd iufonnation a atdEtti at 
wtfl. for oimjJe. if a tititr ftS 140 dttccti m 6P1 jittllitr tnnwiiiiijnj ind H aMt to ratwiiutntly tramrait tt« tfi tignal nitanirtiiitnti 
[ti. Msii mtiturcsiKitn) to m iddrtunal gtrlDtt npablt tf dcttrainii;; tdditkmal lixatjoD □taiurtntotd atconfin; to ttit ti^ 
rtctiwd, tbtn by perfbniiiiij J triaajuladon protam ttjc loarion [(ottr/pttway 141 (whkh miy (frkmttd mtb tht additional atdfitt, 
or at ) rtraott ttrrtitrtil titt), a pottntiaDy rtOjMt aBd atcontt US tatjon tan bt obtaintil. tonTmgfr, tht prtitnt mtton ij apabte of 
raokiit; virtlni bcation amt^ttici dut to a lidi of iKan'on rtUttd information of oik typt by Bdltmj nippitiMital Isntion rttattd 
iiifiirmiitofl (fa tfilftrttit typt Itott tliat by 'm' htrt it » inttndtil to bt iintrjirttcil broadly ai, tj, 

[a] adatatyptoflKationinfonnatiiHi,and/cr 

(b) cimiiijiiiiiat»i!J from 1 pattttntar toranicrtial wjrttai lyittni at oppoKd » ui littrmtire tyjttra, tacli adi lysttni taraif 
iijtiKtjmup! ofltnomi or rcfhtfrti! HS iittn. 

flortmr, It nn bt t/iat dftrcnt fONi art prondtd for at itait mt wrdni loation coropotationji mtdth utiftai? dSfcrtnt typo 
of loatioB rtlattd informatioi For txaoplt, in ccnaio contcxtt virdai nnworfa bated on divert nt wirdtn lifitalini tttbwlo^o ctay bt med 
to lotatt an fti i4i> ifiiriiij tilt timt ptriod of a linglt tntrstoty qD todrn Eflii fto covtr, inottotontottiitinaybtpofiibltfortlittatjtt 
HS 140 to nit one or mort of a pbiraiity of virtitsi (onimniatioii nttworb, potiit^ baitd on difltttnt wirtltn anniminicatMn ttduiolojin, 
dtpenifinj on anilibiEty tht of mtmoloff in tlit covtnjt arta. In partitnlar, lintt to aM 'M modt' or "tri-niodt' niobilt latioin 140 art 
anitibic: rlitrctt) mobilt ttatiiiH art Qpalitc of virdtti comniDniatua to a phirarity of wtrdti! (omnioiikatjoii ttthnolojiti. tnch ai 
fjitil m., CDfW. init/or TlflA) ii wdl ai anilog or >flP/liAftfS. lach mobilt ititioni injy atiliit a fnt piktly a im) iflrttei 
MrannintatMii ttthnolojy wtitntwr p«iiMt. bot witdi to aiBtbtr mrcleii {oramunkatioii ttduiolDjy wta. t^., mnit of dit fim wirdtn 
tcctuiolt^jy btconti tax Hortovtr, nch difftrnit rttftnoloptt art typkally (wvidtd )if mm m\ai nttworb (whtran tbt tttui 
"Ktworlt' K trndcntwd n indudt a nttiwl! of [oiiiiiiiinicatiiMi spponiiif wilo jcosrapliially (pafd apart tdat povidt a anmranitataffl 
infraitmcnrt liiyii? atctn a inforraation rtprdinj rabioibtn to tbt nttwtrli prior to 1 rtptst a jkbj tlit attwort iiy ttit nldtrilien). 
kiw&ii^, tlK prtKBt inrtnttoi may tncbitt (or acctn] FOKi for proviifu^ otbilt itation loation stimatts vberdn ttit tatjtt 14a 
nnmiuniQtti vitb nrioin ottwcrlo mi maast utrtitn connnunicatian ttdmtbjitL nortom, itch fons may bt aainted atcordiii; to 
tilt wirdtsi i(pul ratafliroMJit! mttH from nrioin wtrdoi uttworfe imf/or wirdat ttthatojiti rapporttd by a tatjtt ttl 140 and to wliitli 
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to h 1 tapibility tS [(immjatinj ntraranmn of melt yaritil wirctei lijiials o tbt rOf1((). Him, in oat mbodinKnt 0/ ttit from 
invtntioii, ttitn iwy it ) trimjulatBii {or trilittratioii) bated fOH |br tacti of CDftt. TDfU and WtP/HAftPS wtikh may b( linjjy, icrially, or 
[onairrcntly fir olsatnii;! a paniciilar batioii tf in ttl 140 it a partitutar ttiut (t|, for an [^ti all). IJm. wtia botinj 1 tirjct US 140, 
tbtHi Bjj, if tbtrt ii ornlippinj tovtrjjt of two wirdcji (ouiinniiiarion trtino^o ami die Mi nippom (omrainititjaniwirti htii. 
rcpntrdV fwitth laA anil fonii bttvKn tk two tlicrcli/ prtviitii^ addltioiul wirdot ij^ mnturcnxntf |br otc iu locatiRC tte nt;(t ns 
140. 

In m ontMiIinxiit of tlx prcicnt msjAm. tasm nniltipic fDHi man be activated nibitantiallr simoltincnitlif [or ilttniativdy, 
wtitrtwapproprattiniWhrectiwIttiitilloffpjrrioilarfOflitobtaamtcd). Hotctftatatlffi "ravmC 
atimatn of wtitre t tarjtt fK 140 ti not tiiteail of tliert it is. Sodi mtm jnatpH can be rery oiefiil in combinatioit witli loation eitiniitei 
inilicjtin where the taijet MS ii ia ttut the accoracy of a resulting fIS Iwtioii eitinate inay be suhnntiall/ detreiveil 'm liie when mth tnraw 
cstinutci are gtifQcil to mle nt aren that othctvne a;^ to be lilcety potsiMOtict for containioc the tirjet ffi ^. llott ttiat one 
ODboiliniait of a fOH thtr m provide udi rtnrfe ajia!ysit ii a Imtton cotnpgtattoml rnodd ttut|cnentct target t\S bation stiniatfl biicd 
Dit inlicral toDWIciIjt of bate ttatiDit coverage ireat [tvcb aa arthire being the rctolt of, ti, tlie compilatKiii a Iff aritnn^ ilatabaie - dtlier 
na tS iviciff area limiilatioitt or lieU tciti). In parttcitlar. ncti a model laay prcfriilt tatjct MS location invene estinutti bavin; 1 hjiti 
conliileiKe or OlielilliDad that that the target RS 140 h not in ui area since etttiet a bate statton m (or an not detect the target ttS 140, or 
the target KS an not detect 1 partimtar bate itJtion. karf!!\^, the confidtMes tf Mimii w such ettiniatts may be oted by dtiMhing a 
litdihwd that the tatget Hi it in an area fot the etttntate, or alternatively the confidence or liktEbood of all irtas of interest oattide tf the 
(itimatecaniDcrtatcd. 

Kott that ui tome cmbodimenti of ttic present inrentioi, both nteatutcments of foiwatd wiretest signals to i tirga HS 140, and 
neasurenm of revetw wfrekst signals ttansmitttd from the target US to a base station an be utiliied by varioits fOfiL tn some enibodimtiiti. 
the received relative tignil ttreitgth (RIISU of dttettcit Nrbrbasescitionttansntittcttignaltaloi^thtrnvardlinlctothctatietniobile 
itition ca3 be nwe readily eied by the loation estimate modules pHs) since the trmmistion power the bate stations iu tyiaaHy chai;ges 
Ettle (tilting 1 (onrnninintioa with 1 mobile ttatioi Kovrrcr, the relatfre signal ittcQgth (HHSSk} of target mobae ttattm transmissNKis 
receimi by the bate stations on the revme fmlt may reiiDire more adjustment pttot to loation estimate model ote. since the mobile ttation 
tnnsmitttr power level diaiigct ncarty tontinunitly- 

UKAIWIICEIfliyMtMfUIIOlOflAUlT 

h a vety high level the loatiw centti/ptewiy 142 toraputet (or reipietts (ompiitJtion of) loation (ttiraatn for a widest mobile 
ttattoa )49 by pttformin; at leatt tonte of the followiiig sttiis: 
(^.0) tctctvihgaiiHShKitiiinrepest: 
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. rttcivii? mtiHiroim of ipal tnninimitip ttiaratwhtici of (ominiinicjtioiij onraninicittd bttwetn tb: tarjrt US 140 and m ' 
or niort mrtfcii inftutrmiirt test lUtioBi ni Hott, ttiii ittp miy only U ptrformel if tbt pttwy prmiifci sitli mtJiurnwnn to i POM 
(t^„iF0f!tJ4oatt(lt)itrtW!tli); 

. (^.i) filttrinj tbt rtctivtil lijnil trawntiBiDa tturwtristia {by j ij^al pwaiini MlisyttM mo aiitrateil in, (4.. Ttp. j and jo) ai 
DKdcd u thar taijn location lUta an tK Emcratn! ttiatiiiinlfcniiaiiduiKistcntvitlilDQtioiiilita fcnttatnl froni odicr tarjct f1ln40. 
Id partinilar, ndi unifonnity and aiirsisitacy ii ticitii to tttmi of data flnimrts and intcrptttation of lijnal cliaratttriitic valifl providtd by th( 
ftS iDQtioD data, ji wH be doaiW hcrdnlKlow. Hott, tliii it^ may aho only bt perjiiinitd if the ptrway prorcio mtb mtaartinciiti to 1 
m Otbtmit, web FDH i) likely to (ofm locb filtering; 

inpu tti^j the jcnctated tarjet fli loation data to one tr mote Hi location eitbnatii? raodeli {fOfli, libeled toltettffdy ai m4 in 
rig. 5), 10 tbat each sidi fOH may int tie input tatjet fll location data (or jenerattnj 1 "jKatira bypotbeih* pttridin? an eitinsitt «f tbe 
tation (ftlie tJisetftt 140. Ibtt, tha it^ may alu onffbc ptifstmtd if thtfittway providei Kth raeMremena t» a fOH; 
(^4) reteiviiij tbe renittiiig Itatisn tiypotbeio from the activated fOHi, and pisridinj the leneratd locadon hypotbeio to an bypothoit 
tvaluadgn module (denoted the byjutbesi! enhatn- oil in ;) fot: 

()] (optioiially) adjuitinj the tarjet ftS location fltimatei of the genetattd loation bypotJieiei ani/or adjuitbij tonfiiJtnce 
nhct of the Ixation bypothon, vberan fa ex)) lootion hypothaii, its cosfideote vahe indintci tbe confiddice or CReDbood chat tbe carjct 
ftS it located in the loation citbuat; of the location hypottisis. ftoreova'. note that titch aiQnmne nits itchivai inftrmation idaRd to the 
wtiracy aral/or reliability of premiiJif lenerated locattoD hypoiftoti; 

(b) (c^ttiorally) erabiatinj tiie location bypotbeia accordini to mm heuristia rrtattii to, for ctajiiple, die radio covcnut 
area 120 temm, the lawt of physin, tbaticttrinici of liteSy nwvejnent of the taija fft 140; 

[c] [iwesunly]detcrimu^ J nioitltkety location ateafiir the target 

KUKiatcd witb cacb mpat ftS tocatioit area Ktimate nay be nied k detcnntntn; a 'most Itltely location area"; and 

(zj.s) ontputtuii 1 mt b'My taijet K totion atimate to one or nnire appHatton 14^ (Ti;. rapicitiii!; ao eitimatc of the location of 

thetarjctflSt40. 

Uation HypDtheiii bita ilcpretentation 

bi order n describe tin^ che ittpi (^.1) through are petfntntd bt the leoioni below, ton:; introductory rcoarki related ti 
the data denoted ituye at loation hypotbaei will be bdpmi Addltinuiry, it wiD abo be hel|4i!l to pnride introdutto^ remaria related to 
historial tootion ilita and the data baie man^^ent pro^ aiioctated tbercwith. 

For each tarjet ns location citbnate lentntcd and utiliied by che (retent invaiaon, tbe locatton esOnate it provided 
in a daci itracntrt [or object dan] denied it 1 locatioii bypottmit'' (iliuittated in [able UI-1J. Brief detmptiom of ttie data Rcldi 
for a loation hypotheiit it provided in the fable Ul-i. 

Table Ul-1 
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fOrtJII 


Rnt onltr DiDdd III (prmdinj ttih Locatiiin Hpriicsii); Mtt, iJnctlt K ■ 
poiiait for Tfiam ftypotboH ti be jowatol by otlw toi die fOftt 
ni4, in joicnl, thh ficU idcntifia tht motfulc that jmcrattd tliii kKitkm 
hypottiflii. 




Ilieidentifinmiitft)ittjfiflftSi4o»tftiiliitirionliTpotheiian^ 




riK DBt Dhly loatkm Hint QtiniJtt of «it taijtt ns 140. 


nliiljt 


iMtan jnilititinj tht vilidity K "pt^ef. 


ira_M 


Lrarion Arfi EstiniJtt if tJic flijtt ftl 140 prmidd ttit FOrt. IhH am 
fltimatt ml bt (inl wtinmr 'iniaic^arta' telow ii BULL 


nEd_irta 


SmlEiii inificattiij tts nfitfity df ■jrta_Bt* [out of '^jsC lad 
'irca_8t' mutt tit faliil). 


KljUlt 


iMkan (m i idjuttmaiti tt the liclih of thh lutiDii Itrpotiioii arc n Iw 
pttfomwl in tlie Contnt iiljDiter l\Mt]. 




Xefcrciut tt a nibttintialiyiniiiiial ara (e{., niflti rdl] mmi tl 
'tt_air. Itott, iince ttiii Ml 141 ma/ bt KiiHMttally en a ctll bonndary, 
tiih covcriri; nay, li tome cam, iDdude niort ttuji one ccH 


imjjt_irti 


Beftrtntt t»aiiibiajitia!!yaiinlnialirfl[tt,DitihctlI) mmi tf 
'pt^oirerui^ [ut detafltd detmptkin iftht ftnttttn. 
'tonfjdoKt jfjiiittr*]. Iliitt rtiat if tbi! fieW it not HUt-L, tiitn tbh ii ibt 
tats ffi kKuion stuoatt tittd by tlie batint (tntcr 141 iimd tf 
"arta^tjr. 


cxtr];otatkto_irn 


BcTfrtnct » fif noa-NULL] m eanpcEared tlS Qijtt fltiniite area (nridtd 
by tht loation cttnpolatiir nlmiHbtlc i4}i tf tbt Itypotttcui analyztr ijjl 
Ihtt K, tbtt field, if nnn-ltUU, s an ntrapolitiiin of tbt 'ini]|e_arta' lidd 
if it aim, otberw tliis jitU ii an ennpotation of the "ara^tr field. 
Ilott Dthtr cxttapotatton fitUi may iht be pnriiltd dcpcDdtri; on tbt 
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onbwIiiRciit cf cIk rrttcitt inmttion, nidi n in atnptilattaa oT the 
'ftjsfts'mf. 


ctttliitcict 


In m mtinliinciit. tit K a prolialiirity iiuTicad^t i Obiihonl that tlic 
target ft) 140 h in (pt oQt] of a partxular iro, ^im^^e area'' cthti, 
tjioi tlui ti a mcaiQK of tiic Ekdiliooil chat tt» tarjct MS 1^ ti within tht 
aru rtpraaittd Ij ■ini3jc_ira', or if "iniiSMra" bai not bmt 
compatcd [t^ "adjint* it f AUE), tbn '')rea_at" mtitt tic valid and thii ii 
1 mcanirt of the MM that the tarjct ftS 140 ii within the area 
reprooittil hf "irta_Br. Ottw embofinient!, are aho witJiin the scope 
tf the proent tmioii that are not pnbatuiitie: ej., trsitslitioin and/it 
eipamioiii of the [0, ij probatiit]f range ai one (luHal ht the an ml 
ondentaiul. 


Orpal_rii!Kitinip 


Ihte ami tiDe that the hntitn lipiaturt dotter (defiDcil tierctnbelov) for 
thit location hj^thetti wat rctdved trf the lignal (irocntuij nitnysteiD izio. 


Attivt_rinitttamp 


Ibm-tuK field frovidih; the tune to vhKh thh lontioii hyporheiH hai Dad 
in ns location etthnate(i) extrapolated fu the loation eitr^polator mi «f 
die hypctthsii inalyier Jip]. Note diat dm fitlil ii initiirtinl vidt dK 
faliie from die lrpal_ruiwtaiiip' fitU. 


cnvtnnntcotil 


for iodiatinj pattioiiar typo of cnrirsnment^ daiiifiadon) not readily 
detennliKd by die 'Ori;tiia!_riniettintp'' jteld [ti^ mHie, tnffic}, and 


lotj(j_dutttr 


tmia Kceti to die tollecDDii of txatiiin tiputurt tipia) chinctttitda 
dcrifel from toimninitato between die tarjtt US 140 ini die baie 
itatiDn(t} letcctnl hy diti Hi [dHanied □ lietail hereiMw); in pirdcnbr, 
dtc kadon dita aaeiied here ii proridd a die fim order modeh hy the 
itiDil ftixavai fobiyittn mo; it. accett tt die 'loc ligi' (receiml at 
"hmeitainp" rtprdio; die loadon of die tarjet Hi) 


Iflaiptiir 


Original docnptor (from die fir\t order model todintih; why/Iuw die 
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Uatton Arta litiniJtt Jiul (mm Vibt iwt itttnniiwl). 



Ai Qo lie (tm in tilt libit LH-). tscti kration Ityjuitiitu! im mast inctudo at kait o« mamrontnt, ilajotti 
htraiufttr ai a ciiiirulaict rabt (or limply ccmfidtitct]. tisat h a mtastirancnr t( tlx pcrcdvol Etdihood tliat an Hi loation 
stimatt In the loation liypotlitui ii tn mm iKittiJi fltimatt tf the t»j(t 1^ 149. Siitct, in lomc embodinitnti vf the 
imentsra. iu(h ammt yahiei art an iraporant aipett, imfdi of tin dntription uul nit (f mcIi (onftdtme vjiuti are dtimbed 
ietow; iBwtvtr, 1 brief dtsaiption ii prmdeil here. 

In oitt fioMiDcnt. each mim nlut h a pmbatiility imliatirt tf a mm that tlie titjct K 140 rcddts vttliiD 
in jn^pliic ifta rtprtwcd t/ the hypotlioh to iflikh tht toafiiJenK yikie appllo. AttorJinjty, each mth tonfidtoce nbe ii 
in thf mit [t, 1]. Hora/tr, /or darity ef ditcuBion, it it aiainied chat onleti itattd othtrwiit th« tht ptiiabiliitit ^tfioition 
prmided htrt ii to bt nwd trtien confiileiKt valuti art di«ai«i. 

fiott, howmr, itJitr definitiiini of confidflKf nhitt art wifiin the icopt of tht prntnc inrentan that may lit ratrt 
jeueral than prtliibilititi, and/ir that havt difftrtut ranjti otiw tiiaii [0. 1]. For ctaniple, ont atti alcmiatm ii tliat tacti inch 
tuiifidoKt yalif li in tht ranjt -in to 1,0, wherrin the litjff ttit nhit, the jrtattr ttit pcrctired likelitiood ttat tht target Hi 
, 140 i( in (or afl a conKponilinj Hi loation fitjinatt of tit loation hypothoti to irfiith the t»nfidena nine appfiei. Ai an mt, 
nm thati tostitn hypothesti may havt mort than ont fli loation ntimate {« will bt dlicuiitd la detail btlow) and the 
cin/idtMt rahit wH typically only torraptnd or apply to ent of tht Hi location titimato in the loadon hypotheiii. (iirtfter, 
Tahiti ftr tht tonfiddice m m may bt inttrprtted ai: (a) -m dwdi that tht tatjtt flS 140 s HOI in ncli a corrtipondini MS 
area eitimatt of tht tatim hypotheiii area, (b) 0 mtam that It ii nnkiiifwn ai to tbe likelihood of whttiio- tht tti 140 in tht 
(crrtipdii? Hi area otjntitt, and (t) +1.0 mtini that the Hi 140 ii ptrctrra! to pwltivtly bt in tht corrtspondiflj HS area 
txamt 

Additioiulty, in ntiSitnj location hypcthtici in. for txaniple, the loatioit enliattir nJ ai In (zu) at»re, It ii 
hnportant t» Itttp in raind thit fir tonfideittei. t^ and t^, if tt < = (i^, thtr for a Ira^^^ 
d;, raptctirey, tht tai|tt Hi 14) ii ctptcttd to more likly mide in a taijet ffi eitiraate of H, than a titftt Hi ((tinate of 
Htrtovtr. if an jrta, A, b tntJi that it ii includtd hi a phiiallty of lootion hypotheiii taijtt Hi tttimata. thtn a conlidtntt ictrt. 
Qj, on it aiiijned ti A, vhtrtin the wnfidtDce score lor ititti in ara ii a fitoaioB of ttit confldtncei fiir all tht loQtlDa 
liypothflti whoit [mt ptrtwnic) tirjtt Hi location titunatti contain A. fhat ii, m ordtr to dtttrmirt a moit SWy tarjtt fC 
loBtkin arti tttimate for mtpiitting ftm the loation tenttr/pttrray 141, a ccnfidmct icort ii iettniHijed for ireai mthin tht 
kation ctQttr/pttwiy letYict area. 

(orerajf Arta: Arta lypo And Thttr Btttminatitn 
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Tltt Dfftiitii Of "Ufa tinx' IS rdattil a mdai ijpal traituniiiiim tluracttriitio Iim bten mtd in many mvtitigitioiB 
tf uJiD lipial tiMunisiioD cbitacttrittia. iouit ramtijatDn, iriwi inrotifating (uch lifiul tturatttrhtio of arm tia/t med 
lonitwftat BSiw ara toilicatHim tittli n artun. Mtailan, nirsl, ttt. Hmmtr, it ti doiriblt for tiK jntpoie «f tht prcitnt 
inrcntioii to hare a more opcntigiia] dcfiiutun ef arn tjrpn tliat ii more clmdy iiictiatcil M wirclcii li^l tnniniltiioii 
iKbarim. 

To ddcrilK onboiliniaiti of tlu an arci t^K ichfiac that mj be otn! in tlic prcicnt iorcntiDn, iiiiiic introifiictory 
ranarfoarc(intpr(ividt(l.ligtcttiattt!f wirdoi itsnaltniniaKtionlrlianorroraiiarcadcpcndiDsatlcatttliefDilm^ 
(riteria: 

MhtaotiaHf inranaiittcmin clarjatriitio (totti DJtiiral and man-nailc) jf ttie arti; t^., nmntiiiB, 
mvi^, likes, hi£liwayi, iniia. kM\si dcnity; 

tint nvm tnvirjJUDtial datictrtitfio [W wtural and man-inadt} tf tJi( arn; tj., ftilajt, tnHic, 
wuther. (pedal events tvcli a isM gsm; 
(^Ij) wirdesi amimntcatipn araponaiti or infnstmaurf in ttit art); t|., t)ie amnieraent and li^nal 
cormradiatiiiii cfianmeriitia of tJit liaie stationi ra in tiie ara [ti. fciie iQtkiD antenna downtilt). fnrSier, 
ttK antenna dlarKterntk) n ttit to itituns TZ2 niay be iniportint ffittria. 
Accorduijly. a deitription tf wirelett licnai cturKtcriitia for detemtnii^ area typei could potentially include a 
tharatterititiini of wirclen lifnarmj attributei as tliey tehte tt eicti of tde alKtve critnia. Drat, an area type ntsht lie: liilly, 
treed, jnburtiin, taiii? no twildiisi above 50 feet, witli b«e itatiow ipaccd jpart by m miles. Howem, a tatejoriution of area 
types ii desired tliat is botli more doscly tied to tiic w^elnt sj^rin; charatttiiitta of the area, ind h apabic of bdii; conpated 
abstantially autontattaiiy and rtptittdly m timt floreora, for a ttirttet Iwtion lysttra, the priraaiy micis sijnjBut 
diatutriscia Ibr caRgoiiiiii; ireat tnti at lent muiiniaDy similar irei typti arc: thomal noise and, more injiortintly. ntiltipath 
cbiractctlstiG [e;., imltipttli ^dc and tone delay). 

foasi^i fiff die moment on tte maltipitli clBtwtrittia, it is beDc«d tha (ij.li) ind (^.ij) immtdiattly ibtre 
are, in fencnl, n»re important tritcria liir accnratdy lontiii; an HS 140 Hian That is. rejiardiri; (zjii), nmlttpatli 
tends to increase « the density of Dcarhy vcrtiQl area diaqeci mem. for oainple, multipath is particularly proNcmatic vhere 
there h a biiih density of lii^ rite bnildii;^ and/or where there atr dosety tpaced jeifraphic undulations, in both oses. the 
amount of chaise in rertnl area per unit of area in a hotiuntal ptane (for tome horizontal refcreocc i^e) mj be bijh. 
Kt^nTui; the jttatcr the density of !use stations 121, the lest problonatic nnltipath nay become in loatii;; an fti 140. 
tlitreoim, die amnjemeut of die base scadons 121 in die radio tortr^ft area no in r?. 4 may ajfeo die amount ami levtritj of 
muinpadL 

AcconTuiiily, it vould be desinbie a have a method and sjrstetn for ani^dbrvanfly detcmiiniq; area type 
daisifKationt related tt nmttipidi. and m patdcular, tmldpath due to [i].li) and (z{.t.{). The present invendon prtVHics tudt a 
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dtttnuiiuriwi ly y tiliq i norel nttiun tf atn typt, ticroia/ttr ilcrotcil 'tranmisiioii aru typ(' (or, "irca typt' irtitD iotti a 
[tncric area typt cliiiSiatiDii Khtiiit inil tbc trjiuciiiiiiiii aro type im\ti btrdnafttr art inttBdcd) ftr daiii^ 'liniiJir' 
artii, vtitrttn cadi tnmiam m typt dan or catcsory h iiittiulcil tD iaaix. an area tuWiij it Icait minima Ity timitir 
virdtn ii{iia] tmninntion diataaciiitki. Ihat h, tfat novd trarKiDhsion area typt vSnx of the {ircsatt invcotioo k bated on: 
(a) ttit ma area dasiiScatiom; e^., tftt ttrniii (f in irta turronndiii; a tatjct flS 140, (ti) tti( (uilisutitiDn nf batt ttatutni 
iu in die radio covtr^je area iio, and ((] diaracttrcit»ni of ttie lirdcti tigiiat triitmisiNii] padn brtweot a Qrjtt ffi 14D 
kndon aid tbe bate itatioiiiu. 

In mtanboiTment tfi ntctbn! and lystcot fordcttnniitln; mch (tnnumnlon) area typt ippnixiniaticin, a pardtian 
(derated Isertinafttr « PJ k Impiwd upon the nd» oiver^t area no for pirtidonii? for raJit cmnje area into iBbirtai, 
vlicrein ticli mbara it an ndraatt of an area tuni; tndudcd K 140 loatiom tlut arc liRdy to ttare ii at Itatt a mininu! amount 
of limMy in their wtfcii lignarinj durxteriHiQ, In obtain tfit partitrai P, of rtit tidio wrerjp area lu, rtit fiillowiflj ittjn 
arcptrfgtmcd: 

rartidDR dit radio omn^ irta m into mbaroi, wttcttin in cacti tnbaita it: (1] toiintcml, (b) tlit 
nibarea is not too oblo:;;, c^., dx nriidoiii b die iei^ of chonli tecdoniii; the mbirea dn-tiif h ttic 
(emid of die tsbarea ate below a ptdcterniintd dircibold, (() tbc tiit of tite visxa t belov a 
prtdetennined nhc. and (d) for nioit ioofiim (c^., widiin a lint or letond deration) witdin die Bibaro 
whoK wirdcH (ipiafinj diarwerirtici liave been iwificd, it ii iiltdy (ti, wdiin a (int or icttind dtyiidon ) 
diit an tIS 140 it one of ttKsc loatiiiii vtll detect (lorwird transmiiiiitn pidi) aitd/or viD be detected 
(revtne tramniiiiion padi) by 1 larat toUettion «f bait itarion! rzi for example, in a m mm. a linr 
Kdi coHecrimi raiy be (fiir tbe fomi tnmnjiiiion padi) dit wire w of biit jtitioni m. or. die ision of 
dit uivt and oodiilatf tctt, or, dit irnion of dx active; caitdidatt amt/or itmainiit; itti of ti»c itadom m. 
dctcncd by 'mott' ffii 140 in . Aditionaily (or altimatiircly}, a teconil inch tdltaioa toay bt die tat 
nanom ni that are expected to dcttct MSi 140 at loadDin widiin die mbarea. Of coartc ttic nnioti « 
intcncnion oftiit^tandicaiDdailltctioinitabowidiiottKicopcoftficprcieflt invatiiui fin- pirddaniitt 
die radio tom?je area no aconTmi to (d)abovt It Bimrttiwitinjdiat it iibeiiendtfiitlw ration 121 
pmr lev* Ml bt mhtantislly tomnuL Hoiwtr, twii J dw ii not die cw, one or more ttHcamii for (d) 
abm may be dtttmiDtd tnipirtQliy iitd/or by compatationally tinuladRE dit povcr ogtptt of cadi bate 
itinoii m It a predetermined Itirel Hortow, it it alio wrrti mcntioninj diat rtiii tttp li rdadnly 
ttniiibtfotwird to inplanatt uuni die data ttorcd in tbt kication tignantrc dati bite ]^ (Lc., die milied 
location t^nirc dnitcn ditcnttcd in decaB bereinbclow). tototc tlic rsnldni pardtion here at 
^AX] rarddon die radio corcnp area no into nbireai, wbereio eidi tabarn ippcan to have nbitandaDy 
bomoicncnif terrain duiacttriidci. Kotc, dui may be performed penodically mbitandaDy atitomatkaiiy by 
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\ami idio cnrtrajt irn innsti cMaintil &tni atrial nr utttlitt mm f tr tainjfe, firtliHittli tnc of 
ImpiiDt, Cd an primdt jtognphic wtli 3 intttr rtiobtiiiii Iron Htdlitt mm diti. Dcnott ttit 
rnuttiiicpartitiiuilitrciiPr 

bothcf tlu itnrt partitkiii], F, jnd P, eftbc radtD mtm irn wi to eMain new nbarcn ttut irc 
iDtmttttooi of tiK Hitotai frora ndi ((f ttit ibovt partitioitt IIhi new paration it f, {it, f, = f, intmctt 
FJ, and ttK tutiarcai of it arc dcnotnl ai 'F^ tnliarf it*. 
Nov mmi ?,\s&)m obtaiual, tiic mlHrcai of P, arc provided mitli a Tint datiifitation or QRjoritatiiin a< 

(2ji44) [tttrainc jit area rfji canjoriiaiion irtiaat for tbt ralarQ! of P, for aanple, a (ubaro. A, of P, may 
Ik tattjoTiitil or labticd attoriinj to tlit minlKr tfiiv latitiiK m in tid of ttit ntam mtd io 
(i}.i+i)(d) jbovt for dtttmiinmj tulartat of P^ Him. in one sntti attjormttio iditim tatti attjory tnay 
(orrspoiid to i itqsle mnbtr n (ndi ai j), vlicrcin for a nibaru. A. of ttiii atcgory, tticrc h a {roup tf i 
[ti, ttirn) lasntitioos nzdut vcapctttd to be doecttd by a font tii|ctnsii40 in ificirta A. 0^ 
cibodiniaiti art alio potiibit, mdi as a ate^riutim Kltont wlttrdn cacli catejory n»y (orrcipoiid to t 
■ triplt of miDlKn indi « 6, 1, 1). wiitrra fiir a mlaiia A of tiiii augiri, tbert ii a toiraion poop of j tinc 
(tititmi lu witli two-way ijenal dtttctioa eiptcttd wth rooitlocitiom [14., nittiia a fimtr itcond 
dtriation) mrtiia A, ttitrt art i Imt itatiom tiiat art txpttttd to lit dttecttd liy a taijtt HI 140 in A but 
tfitit bait itaricni can not dttta tlit tarjfl MS, ind ttiat ii one bait ttatton m ttiat ii npctwl to bt aNt to 
dtttttatarfttminAliitiKtbtdttKttil. 

(^ Us) bctttmint an arta type catt^rizatioo (dteme for tbt nibareat of Hotc ttut ttie fnbarcti P, may be 
Qtesorizcd aoordiqe to ttieir limilarfttei. \a one emboftmcitt, tocli catcjorici mf be somnrtiat limtiar to 
the naive area t^o iwioiied aboire (t^. dcme ortan, urban, wbartoi, run), ptoiiEtain. etL). Boweyer, it 
B aho an atpea of tbt pment inrention thatiDore|iretiie(ates9rtutionijnaybenicd.fliclitiantt^7for 
al areit hirinj betwen 10,000 and 30,000 (pare fat of mtiol area cliaREe per n,ooo i^are feet of 
bfliuntal area and alto hamiE a h$li traffic robune [nrch a category Ektiy correipoiirini to a 'moileratdy 
deme urban' area type). 

[ij,Ui) Cattgoriie toliartai of P, witfi a atejoriiation ittieme Ucnottd the 7, ottsorization,' Mieitin for eadi P, 
mbarea. A, a 'P, area type' ii determined for A aaonTinf to the follmriiu i[ibitep(f}: 

(a] Cite^rtu A by tbe two tategm tfi-iM) ind [ij-J-SJ with whidi it it idtittifed. ftnn, A 
t litt^rced (in a corrctp«idii|; P, area type] both miist to itt tcrrabi ami the bate 
(tatiun tnfraitnchire conlj^ratioD in the ndto coverage area no. 
(13.(4.;) for each F, nibarea. A. of F, pofbrni the ftHuwinj itqifi): 
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(i]D(ttniiintHaitrDiil,C(A],roril; 

(I) fttttmiiiK in jpprraattoii B i wirttei mmm pitli littwcni [£*) and nch bait ration 
m cf J prtdflmuiiiciJ gniiip tf baic Jtamin apttttil n bt in (one and/or two-wf) ((jal 
ciniMJiiiatitiii vitli mtnt Qt^rt tli 140 batioin in A. oaniple, one nch appr lumatHKi ii 
1 stnight line tictwcis and acli [iT tlic baic radom 112 in tiic iroap. Howckt. otiicr 
mdi ippticiinatan! arc witftin tiic icap( of tli( pmtirt invcnriiin. tacti at, a jcncnlly 
triancular liiaptd irra ai die tramiaiiiion padi, lixrcin a Tint rcrtoi of ttii< ira ti at tiK 
[orTOfwndiqs ba« ttadon ftr tftc tnmrahiioii padi, and tlie tides of rtit iBicnUy trianpilir 
ihaptd dcfmii? dit Sttt ma liiw 1 tnullttt angle Imctn tfttni ttiat allow A to bt 
toniplftttifiKtwflirtiMtiilct. 
{c) for tath liaic itition m, JV in dit group racndoutd in pi} limrt. matt an mjtf iiit, IVOit, 
and po t on diti fnt it Itait tht P, area typo fw the 'lignifjanf t, niturtn rrKicd tiy die 
tramniHtiiin path betvttn f(A) and I V Note diat 'ligntikanf P, tttbartai nay be dejtRed at, 
for Gtaiipit, dK P, mbartit dirongli i^idi at leait 1 minima! Icnpfi of dit trammisiion path 
tnrencs. Atttrnadrdy, ndi 'tignifiant' r.mtHreai naybt dtflntil at dtou P.mtiattai dut 
additioully arc loitwor cipected tofentrate tnbitanttaj miltipadL 
(d) Asiipi ai tht tnmininion ara type fir A a tht [olttcriim of tVlim. Ilnii, ai7 oditr f, tuturea 
havint die lanit (or iiilistaittially iraiiiar) wIlKiiiHi of Diti of P, area typtt inii it Tietml at 
luving ippradnitttly dit tamt radio trantminioii charaotritdQ. 
hote that cdKT tratmisiion tipl dunotriida nny be iiKorpotittd into dit traittntisiion area typet. Ftr aanple, 
tbam jl nottc (hataocrtstia m ay be inckidtd hy prororm; a diird tadio wtraje area no pattidoa, P^ in addidon to dit 
piattitiDiis If P, ind F, EtDoital in (i}.J4.t} and [^Mi) rtipecthrcly. Hortortr, die thnc fatyiiig charactemtki of [iiii] 
may be iDCorprntcd in the trammitiian ireatypeftamevorliby {cncratutg nnittipitrcnioniefdittraitiniiiiionartatypttiitdi 
that ttK tianoDtiiion area type for a prcn tobirta cf P, may diaiice dtpendnig en tht tomhination of time rarying cnvironnitntal 
duracttriitia to he coisidereil b the tnmntiiioa area typei for tmtiiKC, to Km for leaionality, finr Knioni of die 
partMis r, and P, luy he generated, cue lor eadi of die leaiom. anil tubttfuently geoeratt a (potcodilly) different pattttioo P, 
for tadi leiton. fiirdier, the type and/or dianatrfitici cf bate itadon vi anttnnai may also be iiukilt^ io ai onbodimaitof die 
ttamniiKion area type. 

Other anbodimentt of area typo are alio wtdiin die mpc of the pmcnt invmdon. At mentioned ihcre, each of die 
fint order modtfi 1124 have dt^lt confidence rakiet attoctated diciewith. and thete ton^enct nines nay be probabilida Kore 
precisciy, cdi (itebabtlity amftdcnte vahiet an be determined as fbllowL Aininic dicre is a pirtidon of die atnr%e area into 
tubartat, eiclittiharei beiit; denoted a 'partidonirea ' For eacti pirdtion area, acnrate eadi Itrtt order nodH T224witb 
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hntgrtQl loation itin io thf location %iunirt liw 1}20 (Tij. i), (herein tlx litttDhQl tontkiii data liai ittn otininfll 
tsm (DrrniHiniliii; kim mobile itarioD loam in tk partition area. For ncit Tint order nmlel, tmmm a pnit»t)i!ity of tbe 
firtt ordcrnwlet lencndit; a loatioR tiypotlieiii wtioic loutkia citinutc untain tlic corrcipondim knowD mobile itatun 
botioiL U jctomprtifl ttiii, aininit ttie wiwip area ii partitioned into partition areK A, iftifrein eadi partition area k ii 
ipeofied at tiie tollettion ofcanrjje area loatitm lucli ttiat for eacli iKJtion, ttie detected wirficii mmntKiom between ttie 
oetwort: base nation and a Dt;et mctbile ttatioii at ttie loatiiiii no tie itriigbtfotwirdlr cipaml witli ottier kntiom of area A. 
for eianiple, one mcti partition, can be deTueil vtitretn cadi partitioo area A k ipetified in mi of dice m of bne ttation 
idtntilien, naiwlj, (a) ttie bjse itjtion identifien ef ttie b«e KJtittni tliat an be Mdetetttd it each loation of A and an 
detect a tarjetmitiile intion at each iDcatira, (b) ttie Mentifien fcr bueitattom tliattan dttcoa tJijet mobile itatira at eittt 
location of A, but tin not be iletttted by tiie tirjtt inobife itattco, and (t) tiK idemirien for bate itatitni tfiat can be detected bf i 
taijet toDbQe itition at cicli lontion A, bat diac bate ttatnns an nn detta tlx target mobile utisn. Ttiat ii, two loation, 
t,ind t,. art identified at btinE in A if and oiily if die ttirte letj of (a}, (b), sid (t) for l,art, ropecrirelif. idenfita! to diettirtt ita 
jf(a).(b),ind(c)fbrV 

AcconTuiEly, aiffimtit;diepirddonP,tinied,ad(ia1pnonunbe{irciiaitoliowprnbabPicicimaybeat$ljncdaitlie 
((iiifiilaKe valuet tf loatioa hypotheta gcnetitcd by die firft order nodcli IU4. for eadi partttion area A. a imt ordff tiKidcI 
ni4 ii npplied witli wdesi nKa!itrei«ntt of irdtived loodon data in the Loottmn iienatnre Data taie aiiodattd witti 
corrfspondiitg rerified nwliile itatioo loatiom Ttm, a prtibjbility an be dettrrained n to bow tikdy die (int order model ii to 
(enente a bcadon liypodieifi hjvii? a loudon ettinatt contiininj die tsrreipondii^ yerified mobile ration loutiDn. 
Acwrdi^sty, a table of partition aea probibiGtiej can be dettimined for otti fint order model 014. flrai, when 1 toadon 
bypodieti! ii generated and idcntirKd ai belong to one of ttte pardnrn arm. die corrcipoitdiq; (nbability ibr diat parddon 
area mir be aiipd » tiie con^cncc ntne lor die location hypattiefif. Ttu adnnciget w oiin; actual probabilidet litre ii diat, « 
vil be diicniicd below, dte nwt IIMihooiI odnubir i}44 on aroputt a ttntshifbrwird probability f^r cadi dtitina intentcdon 
«S dK multiple toadon brpcdtties jtoeratcd by tbc nmlttpte fint erritr nodch, mdi diat eadi nch prgbabity indiatn a 
Mhcod diat dit catict mottle oadon Is in die aitrtipdiii; liittrttaiot. 

Ltation Infiirmadoa Data taia And Itita 

LoaDonDatatattibtriiductioii 

It ii a apect of die [reient inraition dot ftS locition procoiinf perfdmied by dit toadon center/jatnray 142 ituutd becoiDt 
iocrtaiirgtybttttr Jttoadiiga tarjetftS 140 bodi bjr(a) buildii|;an bi^^ 
tervicc ara ^ die jreifnt Inraitini, aad alu (b) by pto^^ 

Ooe ny tiieu aipcoi of dte preitnt uiwtton art realized is by pvid^ 
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(i] tn!ri:iiiiiiliiiodatli|wdMmt|pialctt^^ 
darwmitkL iudi itnrol jsaditkins may not wily primit an incraiin^y better jnodd tf the li^ itBRCttriitio of the icojtapfiy if the tervkt 
ara, hit alw jwviilt JD iDcrejii^Efy bater model cfnwre (hanjejiK tharaaeriiik aftODi? tDreoraBCDtal ton racli at Matfier, raioiu, 
ind/ortrajicpantnii; 

(b) adaptmfyopdadigttitiiEnaltfQrafteritt^ 
it Jr tiaiiitc, 1 an lujh rite kllfinf IT a oev hp^ 

ltftni!!ijaintofij.jiftiiecdl«Srett|)r^^ IncbWaiDonj 
ttet to b«o i( 1 to tiaie (iff iiwifii? rrainii? in(^^ 
data bait fcrarthiniij hHtDFKdftS lootira Eim^^ 
hcreiiMiw. Howem.iluitfterliritfiDtioifactiMtotiieartbiBlto 
nscd heteiiQjtcr to denote the antunl data bait in^^ 
tj^ature to bate (itioM b, for saniple, ftt i iod 
amtunntiom betvmi an rtS ^o ind OK 
ifte lotjtinn ipanrt to base iju. flort prtiailarty, the 1^ 
i^pial tharwtrittk data dertid IniiD wiretesi ijjy 
totliitSf, it ii in aipect of tk prtient iimntioa to ntffiie 
certain kation liypotbetei n wii! be described in detaS bi (di^ 

Data Heprtsentatnoi fuj cbe loutioii itpianrt Data late 

b Me einbodinm. it»f arc fuidaincntai entity types (or tt^ c^^ 
tfttiocatiinijEiHttretobwijio. Iricfly.tfieie data entitiB art descriWbtticiteBB {141) tl^ 
M (*nificii]loaimii^ra:Eachincti{ift^ 

lira bate station (e^ timer US 191] aod an H( 140 itj[m|ied or bm^ HiatR,} 
ttrilitd iKJtiwt (ipiaaire cmespidi to 1 locatw 

sifnaaren^fhawaliDmoriinlinomlocatioacm^ Bote riBttliettnn(rtri|icd)loatioatipatorcB also d^ 

itojation,'(wri|it(qiociir herein 

(^4 (wiM) locadni s^natitrt cbsten: Eidi sncli (itmi locadot ipanre duster bidudci t collection (vmlied] batioii tj^es 

aminn% CO aD ttv loQtion sfptatnrc) betsnen a tatjet ffi 

(O. niff)5t)ftoraw(iidi the tatjtt Ml 140 caa detect the li^ pilot chan^ 

Oru, r(jardb<(«tiether a its tbtticKS^actK, candidate or rcnam^ 

midkitytot, it it preifflidtftiteichloatjoasi^ 
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'fliinpositt IcQtkm objtcB (cr tntitit)}": Eadi sudi aait/ h i iratt pnoil cntitr tteit tJit railicil loation lisnaturt (faittr. An oljttt 
cf tte typt ii J altatian If (wilid) kntim 

indodifflchlKiicHiMQtdwjttiiMcraitbaKitanpn. Kmrcr. diffcriniiraiuraaittoitHt^lnnnnchllm^whitlidicffi^^ 

on detect the Bt'l itlEit dunnd t indndol in ttx 'ampmitc tainii «tijcct (or mtty)" in) 
s [tu] NSkmMinutiondJta dm induitflffiliiatmi miniate 

ns iflitiiD cicimitc dat] i dnoibcd in dniil hctciiMiv. 

It ii importaDt » sate tliar i !« ij; it, In hik oiibcNlinKnt, in mmt of tlic dati imionn amiwz tbt ilgial tiiarKtcriitk 

mcinmiKnti ntput tlic tpal fittnin; ind nomaliiiai vSisfm al» dcitncd « ttit tisial procaRiij iGbt/itog czo doaHxRi tiK 

mi iKtwM: fi) 1 ipcdflt Iflit !titiM Ki (IS) and fii) i raoliilt itation 140 [fIS), wlitrcin tiK JS'i tratira h bsnni and tlic flS'i Iration ii 
1 0 »mti tt Ik ntlKtiiituIly coiitant (durin; a i-s wond intanl in m tmbodinidtt of titt prctat imrcotun], duti:)^ coinnnniatioii vitli tiic 

mi4» fureltainini a liiifit imtantc ofloc ijj dati, aWmtigli tlit HS loation mar or ma/ nut be laiinra. fnittifr. fornitatirail porposn, tiK 

!iTU»ndtt)(ffii40forilo((i|licmiiaftffwiilb(dti»tdtli(1Si(tf^^ . 

rapcotKlr. Fkcwcr. the liKitian or tbc nS 140 it tlic time tlit kK li; data h etnatocd wili be dtnctcd tlx 'kiatiiiit aitociattd vitti tlic lot 

liE" (tliti iKitbo pniiliiy tdng injom). 
15 Hiitt that adilitiDfljl dncription of tliti iipca tf ttic prcM invmtioii on le fintnil in ondftiic fDllowiii! two copendiii; Hi patent 

ippnatitw wM itt intDrpotatfil Iwtin ly reftreiKt: (a) 'twtion Of A Kolifc tatiitn" filtd M 74, 19119 Ih™? Applitatwa lio. 

00^4,36; vit«c inren&n ire D. J. kfsii and C I Kitr, and (li] 'A Kirdnt iJQtiDii Jyttcni for Cilititatiiti HDltipic Uatira btinmiiti' 

(iled^)ctstletI^199Jllar^|;App[iati0lnltl>.oVT7&,^^/witDi^im wticrflii diae coptndinj patent appliatiDns nay Iuk 

csscndil mattnil for tlie present ipedftatinn. loparticiilar.tbeieaipeiiili^if pitent ippltcatioai niayhirecneiitialttiatcmlrditiiiftDtfK 
20 liiGttHatiinatarc data base ip. 

Uation (enter Ardiitetture 

Ovtrvieinf LiKitiOD Center/titeway fsnttioBj] Cumprotnti 

S ireseots a hd di3!tini ofio tnMM iTtlic loatim cei^^ 
infiattnicnire fiir ttK titn're loatira 7m iif the prcM inraitu^ 
25 IttiniportantttixtctlntdicitilttinrefirtiiclKitkinceD^ 
inrasktn ii deijped lir eMiiiily and 

inilititcandiietoeiinsiiKationtcdrtiipetbtcDiuavaMEe. InaddttsuiijtlKdesi^goaliirestmibtiityiallhibility.tf^ 

arduteotiif lir gcnetatiis ik! prKQiinj ffi iratiMi ttti^ 

bemnbdoir. 



Uw Ltnl Hirelw Sisml Pr«niin; Sah/ittiD for Btttmnj wi CoMitioniRt kirdcsi iijnal rttanirmcim 

A M liiiKticiH] innp If iDQtim ape 1J1 iiHHiute K ^ 
frwn J ccjivtntional mdtii (ti, m) Wrarnimrt. 3i fiscinstil in tiit Jttp (13.1) inil (1^2) ibmt Dib jraip ii damrt tiit ifeial (raaiiiK 
sibiyittni mo bcrck One emlndiQaitifiiidi a vixprn ii daQriM io thcVi CDpcndiii; pntntipprndm dttd, Yirdai liatiDnlluiieA 
Phnlity if Cmnnitrtijl Kttwiirlt Infrasmictiirci: by f. H. Idtanc, topray indKarr BW Jan. 22, i^ii isi tuvinj O.S. Itant Iki. bx^iK ^ 
M m CDpeailiii; pjtm appOatira ii inaffprntnl licrrin tntirtly iy rtftroKt tinct it may toiaatn tttatiil iiiattriji for tlit protnt invtntioEi. 
In partiaibr, njanfiiu dit itsnal procojiu sihyitm id, Hne, tawcra, diat tiit ^1 prutcsanj sibjysttni nja|f It mmcttiufyfiir the ptenif 
141 inilai tfK ptcwy mpplio wdai tatkm (pi dan to m or niorc m. 

Initial Locafion Esnmatwi: Fint Order Hodth 

A iccond fuKtional potip nf noduls at lost accntibk tiy the kntioii engine i^it in; ttic fDn 1124 iSir foiciatin; Yarinn tarjct ffi 140 
iKitkin initial {jtinutandocrixd in t»p(2j.^ AbritfdcscriptKnid'icinctypaaftitffndtrniodd^ MM 
riE.Ji!hiitritninnlii:r,iimdnaiIincwcifinmMnMtofd^ Inpmioilir.thBfisurt 
Blunts tonx of tlx fOKi 1224 at Icatt actciilUc (tut not nnoiarOy ailixittil witti tiK other locadDn caitcr/gictway iDoduio thm in thii 
^rc], and aililitionalty iiluitnttt tbc prtma^ amununiatians until other mtxlulci of dtejatmay. Hmmr, it ii bipotTanttD note that the prmit 
immionii not Oiiiitnl to them 1224 liBW and fra^^ Ihatii,itii)prhDiiya!p(ttoftheprt«DtinmitiontieiaiyiKor^ 
minj other ijEnal pr«niiiis anit^or tonptationa! location atnnatin; tctliniQiio ta tiiM prtjoitcd herein, fiirther, nttt that eath fOrt type naj 
have I ptonfity ofiti ftS lootioii cstinmiiig moddi (at least) aaeiiible hy the ptevay 141 

for tioniidt, (atiiD be desoihed in further detail below)ji«ffl[hw 
rM ti ai 'terrotttai amununicatiOD itatim 0^ [TOO] n»dtb' or 'ttrrestnal ominiuniatiiin oatioD 0^ (TOO) fint onta nudeii', or 
'terrcmid oiinniitnitatioa ttatim (Oiet (lOO) fOf^^ 

recefitiroanslcdetctnitnatiantictm the target fIS 140 fr^ biiQlly,tii(hTQdinoddin24iletttminta 
baiioB ettinate ofttE tatjft tlS 140 tv deteiiinni; an Dfliet Inni each 
(Hinieol) ttK baKitation!,tt that,(4, ail tmiettion of each area 1^ 
tftetarjetft TOO [0*1224 mar amptftc nth offieobKed on, t|.: 

(a) lisnal ttiuij nieaniroim betira the tarjet inolNlc status 

aitimdifertateofsiinl (IM),«rtoyofaniral(ini(). IVmtliat both fbrmrdanlrtvmeiijnal path ttohiEBewirera^ 
maybentiTiul: 

[b] ipai ttroi^ nmircnm {ti. rtla^ to ptnnr contnd tcttitip if the fC 140 and/tr one or more IS 121); anVor 
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(t) lienal Jnslt tf Jtrival raaBroiMitJ, or ni?o tiitraif, » wit or niirt to itatiom m («th jujlo iWor mjiibr ra?a (rmiicd 
1?. tt, kw (tatitn intoiaa (Mm torii? iflsulir ta^ 
trjiMMnisaofi'nratl. 

taotifiigljf, 9 tttroirtal tMnunicatiM (tit»nD(Stt(rCS0)ni«ldiii3yutiIae,tt triarisiilatiiKi nrtrflattratioatoam^iittJloatim li/piitbBi! 

hiw? ttlKJ Jii iMtiM (r J p« Iratioii lit an wm^ 

induddiifitinutnlcTnr. 

Mtw type If FOM 1114 i J itafttiaDy bad W crto 
test Hfiita, psrtnl kBtjqiiara prioopk lictDinixnitiiD), or t^.. lofa?cr taniii {^., lor omifuiinf niiniraini and pujiimni Imt Jtatkin oflKU). 
In jcnoil raxIA (f tfth type mtfw Imtira tiypc to 

wifeil iocatjiin i^jiDnircs in batiw (jEiutart Jaa to iiio. and tiic wto «pbI cmraiioiB from a tarjet HL Mudck if tiiii type art abo 
rtfordtDlKronafttrjii^BtlBiticipultli^ OfaiirK,ititiitia!!ytodfOfl( 
nny b( a hybrid (ondiinjtjiia with aiNChcr typ( iiTf^^ 

Wl anmtiff typt of fDH IZ24 « an atfaptire Itiniing niodd, wth ai in artift^ 
be trained to rtoi^ize or atoditc odi of a lAiraHty of loationi nidi i (orrnponftn; ict of (ttataomina fx ammnxK letwcto liic 
wjttHSHo(attlieloatian)andtlietoit3tj(iii]ii ftortow, typically sjdi a fOHiieipeatdBaaMdyiiito^^ 
140 loatiM tttatei ftira a let of «pBl diarafltnitiG ta m nita 

Briniiiy « 'artiitial neural net inodeb" or •(wim net modeh' or traimbie modcb' w "ieanunj moddi ' Hott that a rdited type of fOH m4 b 

hiied 01 pattern reoptiai IbeiemanrctiiptizepattenKiiaieitEnjlchamtriniaoftDiM 

loatioa) and tt»bMit«ioit(Tuind thereby eitbnate a location ara Hnmer.sicbfOfljnuyiKitbetrainabt 

letaoottier type of 1114 tin be bated on a aillectw of diiperi^ 
Tocatiott base (tatiom ip" toeiiiibort) tta ffe iwriW 

inftntnctitrecmtap for jroviiTii;; i desired leid of KS 140 ioation amincy. For example, it ntay onecononiical to proride b|gli ttaflic virdeis 

niKcoinage ofiiypical witeleu basettatjomni J nature prettrrcorita^j^^ timts, 

if tKi lo*(Kt location biiejtatiDiB 19 (m be djffted to «^ 

location bait itaioos can be Died tn both locatioa J tarjet ffi 40 a^ 

loatioD hwttations ijz fo;«iJatipj in art! wtwe the target ns 140 ii (ra^ 

my bt itained as to ffbetter or M tJie tarstt fft ii malty in die area; e^itJie ta^ 

corifipfiiijlocjikinbypiniyiiibavi^ 

cDDlidencente AlteriBtiirdyJtfetirjetft(}40KDndetccttdtralocitioatotti^ 
IfltJtiw estniatt corrtipoitdiitj tp tlie coraijt acta of ^ 
ti iKrciaiter as iDcition to ititiin nxidelL' 
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ra inottw trpt rf[1)H M bt M fil inpit liiiiii J Kibilt ht itatrai Hi, whertin bQtioii hypotteo may be jtncratcd front 
tJtjct K i4i> loQtion dan rttdral friio the iniil^ bw 1^ 

M itbtr t)T)fl (f FOn 1224 oil bt tarf M rarira tc^ 
iBrtinibr pattmn widi lootioo m tht 
variouiFDfli. 

BmthedttrantypaaimjoiKrftetKidlafltwraHtifpBOT Horaw.rii inifmtaDttiittqi 

iiiny aiit hfljtaiibtdbDmif ft prtOTiii^ 
snltr Bodii ini]f b( itte )i oihancc M ttit fdiih^ 

oamplt.iIMfOrtiiiayb(WMtdwfiaioal|fJiii^ Hi^tvcr, 
r. for imam imxii tint dd? raluo ar nbniinl (aim mmt vA KHOdonal rakiH art wtnair), ttra one or muri wtioi ilpiil patttm 
jnatthiii; R)K)iayil» be Mtintcd inapnaiBi wttb telHUM Mditkmallr, jfOH nts^atdlittipaii (t(, fin;) tcperjbm i 
triai;jiibtioo fn3]f be actiratrf wtam >^ 

wlntsraiiBif limuItincmSy Mmtd or mt Aconfin^, lince todi jatdTitt ygoA m arc joitnlV niort acairatt. wtjutftnii! sitb a fOH mar 

Hcraivtr, di( preenr invtntiM pttvidB 1 franm^ 
a itragfiifiirwani nunntr. for exMpfc, a FDH 1224 bwd on wirdoi ipsl timt Jday mtiflironam from a diiaibutnl Moina lyittn for wittta 
ommnititifln nay be incorptnttd into tbt pr^ 

inttona i/stoL tomfe^, by vm nidi a dritrilmcd antnia FOH. tiic iroait mvtntion nuy dttmnint ttK floor (fa imilfritijry from 
wbidiatJtsctftSiittaiBiijittus. IIm,reii40caiibcloQtrimttirn(riiKiiiio»mi^ Mititlonaily.FDftfiir 
dttctftiEtcrtiinrcsijtiaaiochaiigaf^ [jr 
wmplt |> trait HS( 140 tlicrt iniy bt in issaatol (T iltf^^ 

bajdttlcplioiitimtrtitatfitilcnctitttmttattfitftSi^ liioDeint[fwdiaittri[t(il»ilniottillitrciD«a"tiojuc 

teieitationltbtdfvitfcpitmwittia bow loatira rc^ 

M dtttttini tftt [mtpidiig fB to iltttttiqt tbt fR 

acttBtj ttr Hi ititm ii tiit btmit tation rtfijttr. ttK loatwn 

ffltim ro. aiidjcimtt locatim bypotticw 

witin ibt itopt of tfit prcHiir inratM^ 

Itn impijrJMto BotttlKfbllDmijaiiicajtftfitprtKm 
(2i.t) Eidi nth ftit (filtr iDotfd 104 may be rdatiwiy oiBy iDcorporaffll into wA/a rami fram ttit jtrnt inraitm for coimilt, amimii? 
tfw ttK lifiHi p(H9i|[ wbtptei 1220 imriito inifbm 
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belicveil tea btjt nijjorit/ pf lait KbiQnrially ill) YiaMt US locMisii otimiKni flritcsifl may it Jtawraodaral. Dus, it ( ftraijtitftfwart 
aiiimidatwbmm 

[lii] Mtria nmi* ni4 nay bt rdativdy limpt ind ml prwiilt HjnftmtHS 140 badii! (uiKwiiaBty inii pttfimliilitj. For am^ mil 
oTwIut ii to be (oninKin or joKric ttS kicition pr« 

iiib!yttcin,(Im)ltli(lptlifififflluMi22iliM(l(^ Mt^icproaittnyaitiaitBnitttiilffiodcmu^ 
that, fff CQDipIc, [iiul importantly) fifffftntfint orilci no(Idni24 ray lit DtjOwl ikprodins on tte liinil tnnniiiiiioii dutjotriitio if tlit 
ffopjplKrtsisiiiorailbyaafflibodiraMcft^ Ilin,ifflipltcoii|pntjiiniiftkpiM^^^ 
W8!) ) aull niraba of fOfb 1224 fi» a limple wirdoi iijiBl raroxiit (t|., flat tttiatn. m nttan anpiiii md knr popubtioa deniity}. 
toatlTtly, fst tonipta mtiot igial awoiiiiitnD adi ai in dtio Ita ian ftandico, loltyo or Hfwlorit, a hrjc naiilhtr df fOfh im pay 
be tinnltaimVntflizd Ibrgenaatiiij n lintw 

An Introilitflion bt an Abator lor LHatiro H/cnthfln: Bypottiolt Inbm 

Atliirdfiinannal[iiia;oriKatio[iapti}4D^ cvilyjtolDadonliyptttitWflitintbytlKRtttordanN^^ 
pnnido a 'm KtOf laigctKS toatvo sma. Hit moditlti {or ttiii fiiaannal jncp an colltttlrdy dcnottit tbt hypatbnit tnluatonziJ. 

HypothditEvaluatDr 

k pmy pirpost tf the hypothoii tnluattr mt i o mitijatt conflicti and ambisaititi rtbttd to kotton ftypotlBti output by tlit 
&rtcinlcriiii)dcSn24indttitT(by«tpiiti"njiiitliW^oto teprmlii^ttM 
Qliabi&y, tiicrt art vatiotn tttattd snbodimenti of tlit liyiKithnti cralntDr ttar are witliii tlx icopt of ttit pteoit iimkio. W eadi load»i 
hypottieiii bdmh botiianns batun area ettmteajid a torreipondinjcitnltilcnce iralueindicatin! apeixMconlidcnttor Hood i^thc target 
Ml tieii;; mtia the tonrapondti;! location area Qtinia^ 
niat ii, by iDcrtitiiij ail ns locaticin area atbn^ 

titanattcailit lit the tntBtovtri^ area Tu and thui the tonfidein Lt, +14 

tairiiiiEly.prai a tarjtt ffi loQtioa area ettinatt («f 1 btati^^ 

loQtjoa ira estiniatt aat/or Hit totreimndinE confideffie niit rtin, if dit confidence viiie ii, fx oompit. exttJiivtly Iwtheit the arta otiMe 
may be ixreastd ai a ttdinigoe fiff inraiini the conlito^ 

the airreipondui;conlid(iiteYiltie,tlitndK(itiniated area no^ I7iiii,ifatuiiiic|iositiiithe 

prtitcjib? of a IratiM liypotJieitj. if the iDOtiaD 

nlue of the location hypnbcsit nay bt ioaeittd [d^^ 

thn ttic ctiiiidcHe valoei ate If (dubSiiei, iixb ad^ 

gentnte batiaii hypothoes haniic katioa cttimattt of different m iUtttnatiKiy, aiTjottei nodulci mb and/or 1440 (Ti^ t6 fsamtd 
litrtEibekiv] may be invoked fir ^tiit; baton hypottHc liani;; area ettimato of ififfcrcnt m ntnm. ttit confidcDce nbc on mdi an 
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idjiiitol tation Ipttieii [vMf i ntw loouii hypottm torrafiondiig ti die orpjlly juntntnl liyiBttifli) rasy ilw bt j [wbHity in to 

(iiintotBiB of fOrt! n24 iirf jfjimti iwdute 

rcolciiickiaiiiGliypDtlm 

la 1 lira dan (f (ndndininn (ti^Dr whotot tfie anf^ 
ffjIiiitB iMitiira l^fpotfioo JiHl Jdjuit! tr BBdifc out/ tiwrtonfiilcKC nta W HS botira ira (jtimata ami mJwiucntljf dm tiiot US tatiDii 
(ttintata witti tfic iiT^ a>iifidaK( vstia ilctmiiiiiiii; I'liott QKi/' HS badDn ntinutt fi^ oa^i^ liamMf, b i ml dia 
(mtiDdiiiKno ^rttK hypntnti cniunrmJ [aiutyiHiltr wtKrttn die cenlidatccnliiQ iit lutinaintaiiiQ] a pnitatiiritia], HSiootiitQ va 
cstMtaaatictfjiiitriwiiikaiiilidtnccralPBrOTaiiwti^ Hmwtr.in exj[(imtAtimmm^ftmtsmm,Wt 
bQdmt liyptttlioii jna tsmm and CBifiiJciia niia irt modilicil. 

Mi, 

^.1] it may entianct ttu accuncy of an initial location liypotiisii gmcnttil an FOH tiy titii! the initQl Inatton tiypotlicsii at, csientially, a 
pay or initct inn ttK loQtion t^tnrc data tinc i}ni fbr otttiniiitj cue or nitre cotretpondiii; nliaiKeil Ixatioit HtypotlieKt, 
wttcrdn the cihjnceil kint»ii liypotim hive tio^ in adpsted tarjn n\ laQtim ara eitimatti inil an jiHuited (onfulentet bated 
on pait perfimince oTtlie fDH in titc location teiYice nrniuninnj bie Qrjet t\S location cttiniite of the initial loation liypotlieiii; 

Addiboiiaiiy, ts enbodiiim of the hypnhesii evaluatormj wliercin the confidence v^es fbr locition liypiitbeies ate not mantaincil « 

probiMitiei, tlx lollmnnj additional tads ^.i] tftmajli (jo.^ may be performed: 
ttK tiypotlieij enhatiir I22« may oiilia enYira^ 
niodeii 1214- Abaticpreiiiiseb thti contcit ii that the accutvf of the 

emonniental ton wdi ai. Sir earni^e, the leawn of the year, the time tfday, the weather ainditiont, the ;«ience of hiMnp, baie 
ttationWuraetc: 
(30.JJ the hypDthett enbanr iziJ nay detcnmne hmridl the in^ 
Krtficd loc ij^ itorcd n die loQjon tiEnatnre dita bite ipii 
tWi aspettif theinveiaion). ThJtii, (iiriihien loQti^ 

m|iedlotatiRii(foneornioteni'(] ireretttefed^anvcicotTspooriiistothebcatioaareiestm^ 
the (gml tftiractetistiti of thete nerified lit ^ are aniiertd witJi the itpial thaticttriaia tiied tojeneiate the batjos frnwhetii fir 
detttnming thdr umitantjei and iabie(|iiet|y an adjottnicnt a the onilileDce of the kxatioD bypothets (and/or the tizt of the location 
area eitintatej; 

^4] thcliypothciii enfaatm II2J niaydetctintncif [or bow vdQ inch to^ 

zthetawofphytn. Fffcianiple,ifchedifercn[ebetMeiiapr(riooi(n]0(tli]ce^lo^^ 
blf a Qitnitt jootiDn hyivtheth reqntra the K to: 

(11) turn at an nnreitonably hsli rate of ipced (e 100 mph], or 
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(tn) mitinitJinarably hi^ nt( i^ipml linn ara (c^ So !np!i in trnfitiiii. or ' 
(n) niJbDnrcjtiinablif jharprdDdty dianfo (t^, (raraio raph inwit dirtttimi to ^ npti in tlit«?;»iitt(IirKtioiiiii 4 jtt), 
tba ti:it Qui^aw n ttK aim [ration Hypotlnii it lilt^ 
/IttnBtrrelf, if fi>r mn^fc, tht fitrffltt le^ 
indtQtattattlicflSii: 

(c) imi; X in i;r|tip^ nlKit^ 
(te) raoriris iloi^ ao tamtd fUSi (tg, a frtmy), 
thai the QinlidoKc in tlK oirrait katnn iTpintinii nojf Ix 
6(i,iJ tl* iptliM mbattr nii may dttmnmt amisttiKio and inmniiittnciH bflwcn Iration Ityjottioa otitjincil fiiin difffmt (int unld 
ratddi. fir oani^ r tw racli loation Hypotlwci, ftr ahtantiilty tlK unit timetimp. bare atimatcd tatira Jitai wlwr tiK tatja 
MiiiliWytDl)eMltti«jtrafflliitaittiiI!yffmti|i.ta jujnitionjltf, 
nwt ttaa ydwfty of )B Hi raiy k teiiri (ra iWta) tfraiiK Ira^ 
tto it Iw [KiMmct in ttit batioii mmito Ibr tiK flS, ara 
looticui dttniats: 

bo.6) tlK liflBtteii mbator wi tftttmiino m {mt Jtmtite) ioQtioii bypotiwo fm otfitr iootioii iptim. ror aampic. ttiti modult 
rosif jtnmte uw lijfpotJiHf! (nm airratlr sdvt onB liir dtcompwins a location tipttioii fu«t|f a tirjct til toation otiraatt 
intmcttinf tw nditally mtsm mm liEwlinE arta type. MditioiuHy. thii nodult maystntratt loat«n liypottiafl indiatinj 
arcaiorp(»rr«(ptian;aitil 
fenj) tir h^potlwi! craluiDr nii ilrtmijinB anil 

note ttitt additionil dscriptioii tftlicttypotttattmlaatorTiiIanbtNnilinantoftbt mmt two (opendii« U patent 
■ ap;rKitiDni wliitli are inratpotattd litrein by rtftrtnct (a) loation Of A Mobile StatKw' filed hoy. 4, havinj Jlp^tion Do. 
oi/ii4,ji? wliiiK iwenton ate t. J. Dnpny jnd C L Kitr, and (I) "A iftrdtii Uation lystera fot Ciiibratiqj Huttiple Untion Estimaton" 
filed Otttlier v, i<|iJ hanm Appiiatioa Bo. vjfrji.^] iAxk mam n B. J. Dtptay, irtiereci tine topentfinj parent appliotiom may luve 
QMtiai niaitrial fa the pteient tpetifiation. In patttoilar, tlK« (openftaf patent appDutioni ma/ ium eiientiil tnatcrial reiatiflj to their 
deitri[itions of the li)qiottie«i enlnirtr, 

(onrtflAdlnttcrlntrodtitrioii 

llie OHMt idjDM (iltetnadrely demted " 
the lootitn tiypothtw (tttjiit by the fits Oder niodelt 1214. in one 
loainiiH s prnhabi&ici]^ chK nnditlc nu^^ 
iy the ara idlitter ijil raay be (iirther ptaesed oni^ 

mhnodtlilinD which bationhypottweioripDJte.. fnither.enibodinientirfttieainttttifjminaydetennw 
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to icraint tint fflch 11 tine of day, (cawii, laiiah, iratlicr, saspipal ira atcsoriEatiani (tj.. im iirtaii. tittei. mbiirtaa ml 

wmm, (SL). m obottgDriatioiit (t(, hsrilif DTtd, liilljr, liSfh ttiflk jrti. ol). 

In rt[. 16, m ndi aljtiirN tnoilub arc ilioifn. luiiidr, an adjvitcrfbr cnliaitciit; rdiabity mi isi an adjinttrfor oihandnj 
actiinV i«o. »otfc of tftot adjiisttn pofiini tiicir hiatjon hypottitjii afjofflKno in ttit raawicr dflaiW abovn Die filTtrroft brtwwi . 
ttitic two afjMtr Mdah 1436 31^ mt a priirariiif ttit (iw nf dit tooBitd area "imrtf tlic Kwl/joiaiwl locat«n titiniate. In 
partioilir. m it ii be&md that the jar^cr (smaller) the looriud Darby ara ii, ttie more likely (leii likely) the correifeiidtis adjitttal inufe 
it to ctnaii tlie tirset millle (tatioo loatioa, tte afjuttcr fa aitaittin reTuKBty itjt may iSttemiiK in locariznl artai ■ntarby' 1 newly 
genoitnl loatim tjttniate ai. for eoniple, lavinj a 40S liijer fianiettr (iltematiwly, area) tliaii tiie kiatBii area estiinitt jenerateil iy a 
lim orter nmlel 1U4. AJttnatiiely, die aJjojter fa enhjudus arairacy 1444 may detmnine iti tocaSied areai 'Dearby" a newly jeneijted 
location otinute at, for aanpk. Iianii; a ^% tntaHcr diameter (ilcctnatircly, area] tluo the loatioa area nttnate jeoerattd by a ^t 
order niftdel 104. M, a& newly jcnerated loatkia liypithnii an pottnttally be eied to deim at katt tw additional adfmtnl loatHig 
hypottieies vidi some of tliete adjntted location ttjrpotbeici bdn; more rdiabk ami ume beiii; more acmnte tiliin the location hnntiietci 
jenoated directly from the fint Kit: podeb 1114. 

Hotttiiat additional description ef coDtexrafjaiteraspettj of the present invention an be fund b thefollowi^ two copending D-S- 
patent appikationt which are incorporated herein by rtfertnce: (a) "loation Of A Hobile itattoo' filed flw. 14. iijving AppBation Ho. 
O0i4,ji] whDie inventon are 1. J. Diipny and (. L Kirr, anij (b) "A Wiretei LKation Syitera for Calibrstios ftilti[^ Loation Ejtinuron* 
filed October 11, i^^t taring AjipIiatioD Nt. v)/jjb,ff} whose inrator h 0. J. Diim. therein tiiese topendnu patent appticationt may hare 
ejiential nmeriil liir the present ipetifetion. In partiailar, these topentfinj patent apptatiom nay lure essential material retatiflj to the 
contertadjutttrijii. 

nSStanii ttpositoryintrodiiction 

Ihe HI status repository ijjl is a rfflhtiK (ttiijt manager fw stormg 1^ 
engine ^ (ai wei ai for (torinj ihe ootput likeV" taipt ftS kari^^ 
location hypotheses fhm pttmios tation eiigra ^1 jt^ 
tiie target KkKattoi 

Location Nypothesli Analyter introduction. 

Jin tocadon bypothesii mipari^ mj nfjuttton^enlna of the bcatioii hypothcsa acmrdistD: 
(a) henristia aniVor jtatistiol metiods reJattd to hm Kl the ligna^ 
with prcmrsly obtanied it^dimriotQfivmili^ 
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(bj ticunitiQ rttatcd tt bewoiiKistciit tlx torn hypottmit i vidi ptpol bin, ind/or li|^l]f prttablc jmaygm amm rtUdn; 
»ctitloat)[intfttKtirjctftiiiuliniimiait(lun^ r{ira2inpl(,iii(iiriwrctianB]fi[tiIiicbiii^ 
jctgntpW tmiiD in Miidi thefts « Qdmatcd Bit iJiV^ 

s ([} pmtioiiofailfitioaillKBtioalpttiaQ'iiitM 

tajttHS. 

Hiitc tiur adilitionil daaiptioii of ttiK itpta Df tlx jtam inrcntioji an Iw fininil ia ok «f tlx Ibllimii!; ajaSm Di patent 
ipprntiiaiftiicli 6 iirairponttJ butiJi by rcftmtct 'lnotwit OfA flobilt Starioa' fikd Hay.14, teriiif UpprtotkiD lb. oVii4,jkj 
vhtK tmton art I. J. (gpny md CI Kair. 

10 NiiitLikctili«id[!timattr 

[Ik iDKt Mhwl stcnitor 1}44 n a [s^^ 
iDQtionQi^ijq. nxiimtEtelihiMlmmjt<iri^rcrarQaai1lcani)(^ 
1 J3:i inil tilW teatua hypothoe tt dcttniiinc TO 

IbffcairraiiwitnibadiiimcfttKiiwtQKOtBDda^ OixiqcIi 
IS onixidinicntvSliKtHlictoaM Atjltt^lcyd,anarcioftntfffititfintikttniMiMa^ 
M call It wai^litforvardly dctoini^ 

thjt tan dttttt tiie Qi?tt US, Intwptntly, aiwiranE that tiiii ara of inttrcit has brni jrwmtsV jiartitional into 'tcfe' [ti. mi rtoanpilar 
arot of, ^ etiniplc, {0 to iiM ftt pff iid(] and that tlx multiiit bQtm 

DidilioDdptotabilityaitodatcdth^ ]ratioii)iyp(itlm.i ptottabifity [mmrcEaxrallyaiiifiilmccir^F] is Qpa»c of bai^ 

20 att^nadicdliiitmMii|;aiiit/«'iiKli:ddinth()^^ lnpatti[nt3r,{brachloc2tiDittiypDthtiii,iportkniiif 
thcptittabitt^vatacf,^ tlxaMtatdloatioiiQtmat^A,Qithanipcd&adicdLC>nKnK^ OotiinQlcvarnpfflbm 
tht B to M P by the iMntxr (f (dh C and Dcroixiit, ^ 
thcrtoittftiinttbdEritiHL OixtldlUadxmwtlrcidOrrHipiuiiiiiKnivsoto 
ptwidbifaEdutiiantrttIxt prob^isticdiffiiution of in^ 
25 ednmt tordiii^,aii3iiiii;;aliD[]ipttyNlyni^^ 

thttaf|ttffii40,tlxjitbt(blliraingi!oixontiodinxntifapnij^ ont otniortniKtliWifloQtionitftJxtjfjttfK. 

kstijti ^ ErtthtdojdrtfiaMityfxtbtrciultiiitloatiraKtra 
ttai_flzc <- ^ tht dnrol iDstm Qcrnt Ar 
Jimd^cdK ^ urt the cdh of tlx area iitcrtt trr didr probabOitifl nnt It^ 
30 t«di!cacFvaIit(i art within a gDaDtr(iniiHnralapi£|^ Fatther.annnx 
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tlxrc nt, tun vlKrcin 1, lt» cdhvitti tonliihco wttiio the niisc [o, o.)],anil Iilai [dh with 
tffljidtaa witten the ra?t [ (i - 1) ' 0,01, i • loi]. 

(brr_rd <- 0; rnirrcEKtdilwd of tarjetfBiio btn? in thtira 

Repot 

Ctl_tei ^ j(t Iffit (iwt) bin nf ctft Ihm !iiint<_(d!(; 
ktii!e(ttmanctaiBCdl_tii)ilo 

Cdrr^ttll <- jrt J Ktt tdl Inira (tB_ltD ttiat ii doscst a the tconiiil tf "Hciiir ; 

teult^ltOTlt + Ctiti_tdl; 

r BW iktmiiiK J Dw rdiabilit]f nbf cnrnpoiii^^ 

tstirattbeinftailttp-Etsiry 
titrrjd <r (iirrjd + tBn|i(Itiict_i)f_HS_in((irrr_«l|); 
lf(tiirr_rtl> l!t(irfl{_itOtlitn 
Dont^-IHIE; 

Dptil Done; 

r rdDliitrtfutttK tarjctHiB Bi'llOTir B wBidmV 

airjK <r mrreit mmn ffngnptiit ottnr fit, dinrnlon) if tftt ira reprotntol 1^ "Ittnir ; 

If (QitT_iiH < = flaijiic) ftoi mtputllteiilt); 

Dh DrtrmiK Mictiiff 'Rnilt' l» OK or iixitt ntiM 

tiiD ha« 1 rcBaMity > = TlBirtl_rd"; 

If (to arc rcpbtdtdc ndicr tijhj dm 
rqbcc ttoi b tcflilt inl otit|]ut(ll(Qlt}; 

EhcanpQtlllciuli); 

Hottttiaticiimiunikcnilxxrimofrticabo^ ftrinttjnccinsttail 
If luBdiiif Bnilt II prafiM in the ilm pr«itm^ 

tbcoitirtarnCintcmt.iiKlaiiswatidbcidcarifiX'raD^^ Adifnionilly.iutt that tlx above pniEranidctaiim 
apprimiiiatiDiitidKiptinialMtlil(dyara Hnwmr.iiDiiilar 
pn^ 101/ b( rcadaii proviM whn 1 iKTst liUr ti^ 
tcitdtiprvnkiiiaimtiiiitpQniin: "tftiitdtflMEtlKt^ctffipoitEkclirb?' 



30 

Wditiiraj!^, luitf dHt J tmtr «f iravity tjpt jf omiwtaa^ 
intd » icm in U jam wij.^ fi^i pttot) fiW Dtc Ji. 1910 liavinj an tiwt Han tm I, }<m writ ravtctiir Li iriiidi it 
tDwnwjtBl liy rcftraitt litrdn and nay anaain Mitnial raattrtal for tlit jr ooit inraaisL 

iai ttfmin; tp di( iTpottioH cnkiatorml/t H ini^ 
OTtiofmsoftVprninvoitm hpartioitar.ttKliiptliePtiralpffijjjraaiflitiinnOT torfiiijity.iiitcdianantioiriniaittfit 
mhantdlKatiiiBliyprthtjoiut^^ 

Control )RilDtitpvt6atii|;M)o 

km ftnctBiialsnigitofloatioiiaisint ^<^ ntcdulo S ditaiitoil aitd output gating ntHhlo wiiidi incbte ttitkiatraianttr 
coittml vktm ijjo, and ttic ratpotprtway ijji. Ifie batiiii mpi sibi/itcni ijjt prmdes ttit h^lml of ananl aid moninitinj m 
iatjproroiiirEpofiitJiidbytteloatiaiicBittr^ lnparticiilar,tteiiitiiyntiiiptrliOTtte(i^ 

(a) [iffiri*andiiioiiironl«jtionotiiiii^ Itotttfiatteliidiidahishksdwcprianortrrjr 

handliiu fbnctiont; 

(b) rccdra mi rmta otttnia! iiifotmatifln Ji ntccisaiy. for iajtiiKt. tftii nbiyitoii itay ttoM (ra, t^,, tJit pulife tdtptont 

iwirrtui; ntrrotli Ml liitmtct iiKh em 

inffOK OTflk, a dtanjt in rather tonfitioni, i last ttatioa m (ir oriw mfrjittnaurt prtmionii«), diaiijt in opcratira ttaon 

(t|., tptratioMi tD inaaire); 
W tctdra and' dirtcts loatiiiD praminj rajicaj froni ttte loatioD tcnttn (ria, t^, dit Inttnw); 
(if) pttfttm iaotiiitB? and bluf jrocoliire bi(Ji ai Iffii? actotifiiij to US hxatun acoitaqf and tfit frcipimty mtii whi(ti in ttS ii 

(cj inttncn witti bation raittr opoiton % far oanplc, rtcmii; operator coimnaiHh and prwidin; output in&atiK of proossiii; 

rnoatia baiffotiliul and toilliinctkiiii; 
[f] pnnwlo jam to output mpiiroDaiti liiriarfooiappiicatioiHrflpimiqgloatiraatintatafff oomidc an Intmia loatun rcquu 
flTffl J ttudilj c((ii(Biv it Im Aiipto to i lotatira cm 
witliiDtlittamratti. AltmBtivdy.ilocalEKiftalrtiaieiiiiititfiittlytorB^^ 
llott tliJl n rit i, (a) ■ (d) aim arc, at test Jta hjEli Icrt, polimd 
Wmiits i»» t» t&t cutput ptimy igi, da 
Fir instaiicc; oprttoriiii a bwion atiiatcli^n) 
oiiiiatt t fiN- 11 iitoniol:a( bdii; tridtd by tlK piftt aM tii^ 



Srsmn TDniQE uid tiapadoii: The AdaptJtum Engine 

A flnflioiHlgrraKlratioit qjiM 1J1 BK^^ 
procnt invmira by prnifii? t wirti ttit apjiaiiif tiudapt tt patkular Dperati? confisuntiois, (ptraanj CMfition! jnil wirclBi li^raliig 
tnwiinraaiti littait pofiBfraii? ntcmtvt tnamal iiQlp of the pcrfiimiacf of nrm anhofinitnt! of tlif laadon opt ^<i. Ito (, tfih 
JiDctionitjrmp aatonjatially tnlHuco the pcrfbraaat of dit kintion apt |iir toti? HSt 140 wittiin 1 pjrtiailirtiivcr^ira lu mii? a 
ItwontwudaiDttwttmfraitnKWritfKrda ftort(irtdidjf,tlii!|iiKtioid|r«ipillDwtfi([iMin^^ 
(main iyOffli panwtm hMi; » lintioa ope ^1 Ira^ 

ItwT irt J ranM loatiHi opt 1J9 paraiimi 1^ 
mytntioii ttiat tiK W loato pfocojini pcrftnid ita^ 

HSiuMK iio bw 132a, hit altf 1^ prmfDiE 
ludi loatm ccnttr ijfitoii {taniQctm. 

Aoorilinitr.tlxiircwinvaA^ 
liTicofiirt OS tte katioHam 141 f]fltm parjM^ 

ImtionL Itek, ttitailafntioB tqpntyfc ffirtm fttBodifiotioiii of tfeiystaD paraiDctm 10 ttuttlitlration cnfjiieTji iictasB in traJ 
Kcaraci/b tatinsarjct rtsti^o. In one antarDMit, ttit idaiintiin opt ^fc indddBaii mMiwof ajcKticatforfttini ai the rattJianiira 
lor nKtfiflfinj tht fptrra paraiDtitn. toittic jfeorita) tf( baijcal!r rartli Jlfathnif bawl on die nttdianio of Bataral gmttia 

HMt ttiat jdiTitwiiJl dcicri^ii of riih aipttt of dit prtstnt inrattioit an bt fbtrnil m ok of tii£ fbHowinE m (opcnding Dl pawir 
ippDatum wbidi ire intorporaml btrcin bf rcftraict (a) lootion Of A flobilt Starioj- fiW Kiiy. 19^ baring Jlpptotkiit Ho. 
cV)H.}ij*iii« inracsn art D. J. doptay ami C L Kan, anil (b) ■Atftrdci! UatiM l/ittu! For Calibntiiij ttoltijfc Loation fttiraaton" 
filed Octtbtr zi, hairinj AppBatioii oi/iji,jtj Mwie uiraitor h I. J. Onjny, whtrtia that afat^^ fm appDattom may bare 
oiciaial raattrial for ttit prmt iptrifiatioiL b ptticilir, tbot coptmltug pattnt jppficatioiii may have ttwial iiattrial rditiflj to tb( inc 
of gciittx aljorithn DnpbitntJtMiii for adaptiwlif trnibij lyjtmi pannifrcn of 1 fartimtar anbodiiiiait of the prcscDC inraition. 

ImpltmeittatiODitfFintOritrKodtli 

ftrtto dtsaiptioiB of mm finttrdcr raodd! 1124 arc provided ui tbit wtioiL llowtrtr, ith importintto latt that tbot are 
nerely rtpromitire tnibodiiim of loatrai eitbnaton diat are witbiii tbe (tope cf Ae prewit uiraitioa. In partinilar. tw w iiore of tiie 
welcii bcatwi) ttdiaokigiet datrilied teeinbelowiaybe toniliintd to created additionil fim Order flodeh. For earoifc. larwn 
trianpiljtkin tediniiiiitt between a tatjet flS 14D and tbc baie itation rafriitrnttiire (e^„ tinte diflereiKc of anw^ (TBOjl) or tbw of arrival 
(IDA)), naj be craibtKd «tb an anjit tf arrfwl |AOA) tethniinie. for inttinte, if a linjlt ditct Ene cf ijstic anjle ratawrenitDt and a lingk . 
iirea Dnc of «fbt datJHe neaBireiotnt dettiiEined 1^, c^., IMA or lOA an {ffeoirely location the tujet Hi 140. In nttlt m, the reuiitifls 
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fint Onlcr nm miy b( more toiniJa Hmrcr, ImtioD Uniotlinci may ttsmti from acti moUds wJicrc iudiviitiialV tftr triaqpilatioit 
tccluij||ii(i lai the ADA tctlmiirin voaU be tinitde n feitentt (flcnirc bation cstimatci. 

leiTotTBl (oiBiinimtktii tatiin OJfitt ([(SO) Fw Order Hudeh (e^., IOA/ISOA/WjI) 

/( facDiieil Itt the Iratjon Center Arttiitectiire Dverrie* lection hereui above, TOO raDdek dettraiiK a prtauiieil direttkia ani/ir 
fiita!Ke(more{CDerjl!]f,aaojpet)tJiatatirietrtSHoh|roraoiieormDrtbaiemtioiiiTn.lnwTO 

iKatkin cstiiiiate(f] ^ttd ate otitiiitcil Dsin; mTu ttfnal inalyiti ttdiDiquet tlut arc tinite jeietal anl tiierdbre art not capal^ of 
talinj m Jtcmiitttif peniiian'tiei of ttie topcjnpliy if a patiioilir tadio wvnijf ara for oomple, rahtantjalVall tads (pal inalysii 
WMm m(sm^m\ fCKtium (orfotmnlai) ite bated on 'li^l chitaacrtitx mcamroioti' m ai: 

(a) Kjoal timins raeamrtniBiti (e^. 10* ad M), anS/tr 

(tijiiiiialttTaisthnieinireiiieiiti. 

forttitmorc, itidt lijinal aoilysii tediniiin are Mif {rcdicated oit certain rcry jcncral aimmptioin that can not fbllr accoinr for it^l 
attennatjoa and miilti|»th itue a a pattinilir radio (ovctasc area topojrajihy. 

TaljfiiCDrUorTDKAtiaiettatjDn networt n an example, (idi bate ititun (B^) ni it re^^td a tntit a onntint liEnaHtro^li 
pilot thainel (neido-noiit (PH) itqatnte on the rutmri U thannd identilied nniipcly in the networt bj a pilot leipnite oflitt and flreipencr 
ajspntnt. It ri pmiiMe to u(e ik pita danneh of tlie atthre, candidate, neijtiben'm and rtnainii? m, maintauied ra the target flS, for 
obtainiQt itsnal tharxttrlitit raeaniteraenti [e^, M ani/ot ItOil raeaniremcnti) fcetmen tHe tarjet HS 140 and the kase itatiom in one or 
moreofthejeiffi. 

laied on wdi iijnal diaratttristic meaartnitnti and the ipecd of lijujl propaption, il^nal cturattcrBtK ransfl tr rai?e 
Mercsai related » the hiQtlDD of the tu{ct ftt 140 ran be almlateil. Dtinf flM itsi/n fDOA rai^ei ai c«niplary, thete ni$a can then be 
input to either the tidhu-mfim nffllatcntjon or the time difference moltilittntion alforithra ib^ witti the Icramn poiitun! rftlie 
twTfiponftJIEbaieitatiODj 121 n tterebf obtain one ormore location ejtiniitt! of the tatEetflS 140, for eaiiiple, if there are, font baK 
aadom nihitfteacthi t(t thft^ftt Hi 140 raay cooperate itteach of the baieitati^^ 

ueanirenienti. Accottfing|y, each of the remltii? ftur letj of tliree of theie fcaje ttatiofli rzz may be aied to provide 10 fltimste rf the tarjtt 
Hi 140 ai we ikiM in the art will tmdentanl riiiij. potentiap^ (aifflnii;^ the nraturcneDti (or each ict of three bue itaioin yield! a ifcaiMe 
batioa lohtioa) there art fiwr ettimatei for the location of the tat|et MS nt. fiirther, (ince adi tneainrtmcnt! and IS ni pnitiom an 
w fltfter to the Ktwrt or the tatjet HS 140. tatitn tan be dettrnined in tito 

Since many of the tt^l nieitiiraoQiti ntiieil by cnMincnti tSW moddi are «ibjca to li^i attain tion and imiitipath due 
aa particolat area topc^phy. Hany cf the tcti of bait ttatitni ftom vhich tatjet KS loation titinijtn are detired may remit in dthci do 
toQtitio Qtimate; v an baccutatt iKadon eitunitt. 

/ttotiingfy, w (mbodhiioin of T(SO fOfli isiy attempt to rait^ate flith anhtpiity or inatcnntiti by, t|., idoiti^ 
dhfftpanciei (or araiitenclei} between irriva! time meamrenm and otftet raeaiartroeim (e^, ijpiat ttrenfth), that dimfpsnciei (or 
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misttnda} iniy be iit«l n filter out it Init timt m\ incimroiiciin iisijm itmtti brntian otimam ttat appear Ini accoratc In 
pjrtioiSar, wtli idaitpi ami (itttring vsif Ik pnforacd iy, ftr raniffe, an txptrt lystem routinj in tbt KIO fGH. 

>iiothtr apwcli for tnhaDcii? (main loatioit tttlmiqiici mdi n IMA or angJt or arrival (AOA] k tint of Mpff tttoiotioii is 
iTKdoud ift 11.1 patm o,oij faai Oct j, i^qi iarin; an time date of Hit. jo, vitii inrtmn FattimciK a li. wtiidi h Duorponrnl 
5 liy rcfcroicc ticrdn and viudi nuy contain nicntiai mitmil ^ tlK prnent iDvmioiL in particular, titt (iiilirwiiij portion of ctic 'liU patent 
art partinlarly impcrrtint: the ^raniaiy (tttioit, die Dftaiied Hatription portion rejanlinj Fip. a-ij, and tiit KOicn tilleil "Deicripwn WTlie 
rrefcrrcd [miXHTuneiits Of tlx iinfentioiL' 

taottw appwdi, rtprdlfit of tlx m BtiDifll, fiir mitiptinj nidi amtii^ity or conflictins MS loatictn eitiniattf h partimiarlif 
mrd in tliat eacit oftiic tarja Hi ioQtioii cininata ii tital to {cncratc a lora^n tqiiotliflh rtsanflm ofiti apparent accuracy. Mv^, 

1 0 ttitse Imtion tfyprtiwo ire input to an emWintent the conteit ailjiiiter ijii . In (Htticular, in one cmttxt #ittr lizl tmhcJiraent 
tattt loQtion hyjHtiteiK ti afpitcd acoinlii!i ti patt pofiinQaiicc cfin Ecoetadn; FOH 1214 in an atea ef tiit initial loaM citiinatc (f ttx 
bcation hypdtttfltt (the area, ti.. immd » 1 fiinttion (rf fistincc from titii initta] tration ntimattj, ttiti littmattn anbofuntnttdjutn 
eacli Dftiie iKatioa hnuttiesci leneratcd ty i fint orifer nHlel iccorilini to a patt pcrfbrnancc of tlic nodd it appHed t) ipal diarxterhtic 
meaturcracntt lia tlie tame tet ofhate ttatisnt m it were utcd in joicratii;; the loation tiypottietit. Hiat ii, instead of only ntin; only an 

1 5 identifiatioa of the fittt order modd (ie.. its f DflJD) to, for eiaraple, retricw inlif^ei location otimatet pnented by tiie inodd in in area 
of tiic loation tiypotiuii' nttmarc (vtiai dctcnninui; tiie moderi patt pajbrmance). tiie retrie/ai retnem the arcltivcd loation ettimatei 
tiut arc, bi addition, derived from tiic fisnal cbaraaeristia locaiDrcinent obtained from tlic ume (ollcction of bnc itation izi it vat stcd in 
gtneratin! tbe location tiypothtiii. Tiaii. rtit nljuitmoit perfonned by tiiti cmbodinieiit of die comeit adjaiter ijii lijinti aaordinj to riie 
pitt perfomtance of the dhtince model anil tbe allection of bait itstHits lu used. 

20 Hote bi one onbodinient, sicli adjDitnieim tan alto be iraptontnte!! m J prtMputed ratot loation ermr pidient fieM. Ilrai. 

eidi of tiie location error vectin (at dctenntned ^ pitt perfonnanct fiir tiie EHKJ vT tiie gradient fielil bat in itartoi; location it 1 botion 
prcriomtyjcDetaRd by the FDn, and in rectot liead at a corraponillnj rnificd toation vben the taijct fK 140 imitlly nt. ilccotilbigly, for 
1 bcatioo hypotiiesti if an nnbm location, thtt etnbodiniait dctcmiiM or tdecn tiic location error mmn hinii; ttartin; loattom Kthin i 
mi area (e^., poitili^y of 1 predetcmined tiie, M altemitirdy, dependent on tiie dmiitr of tise loation error nttor ttartin; bntiont 

25 nearby til tiie btation hypitiietli) of tix locatioo hyporiietiL Additionally, tiie dettrrainition ir lelettion iniy alio be bated npon a ttmSarity itf 
lijnal diaracteriitta afu obtained fioin the tariet Hi 140 being kicited witii tifnal chanctttistiti torretpondibj to tije (tartinj Iwtioni of 
locatkin error vecton of tlie iradtent fidd. for mfit, tatit lijn chanctcrittia nny be, ti.. time detay/iipiaTttrfngfli nnltipatii 
chaiKtetiititi. 



30 Varioui ntobile station locatioR emmatin; inoddt can be based on tiic angle ofarrmi [AOAj i virdeii itgiah timsniitted frini 1 

tarjetftii40tgtiiebitett]tiantnfraitrii(turcaiiinettjllediitheattvi!lnnilen^^ [lomctinxf aho referred to n 



futttios tf jirivjl or M moild!] typitalty rtfpirt prcdit jugular lutsartniciiti of tlit wirdai lisrali, inil atcordinglir otiltt ipcciiSitil 
mm ii tht tiaic ttatiom 121 The dacrmiiKil ijtnal mi\mm angln arc nitijm to miltipatl) abmatioiiL TMcforc, IDA ii mt 
dftcrivtwliai tim it aa miiniptdtil liiK-of-ii^tiiniiiltaim! tranimissioii bttwra tiit tarjttHS 140 and atltaittwii mtioniTE. 

Anotte I{SO fint onltr raodti 1124 iterattd tht 6ralit* niiHld (fOH) krtin, h dhdoitd b D.S. Patrnt i,ooi,)j4 filed Hiiv. li, 
and iinitd D«. li, i^ii barins Gniliftk, Futher, and tmidiplit at imnton, tliii patent bdn! bicorporattd btrtin liy rtftrtntt IJit 
Snibctt modd tudidci 1 loation ottraattr for dtttnoinin! mi jcairattly the distance betweta a wcloi retcim at (Iff), e^., a m, M 
bcitioa [tranniniQtjra ttroon (racli ai a !S ni) and a taijet Hi 14(1, vlierein wirehi ignali ait repeitedljf tnnunitttd fron ttie tarjet fK 
141 and na/le JDtjett to nniitipatJi. An embodinieHt tf the finbe* model raaylie appfitd a flA, IDOA, aod/iir AOA wetei iwaiurententt. 
f(t tlie IDA ta«, tlie ftHowii? itepi are perforraed: 

(a) tmummj "H" ample) \\<=\< =H of tftesarae wireleii lipd frora, ti. tbetarsetKii4o t» ttie UK. 
Frefcrabiy N it oa the order tf to im (e^., 70) virclesi ifial burm, vlterein odi ntdi bimt coatiim a portioa 
iBniiB in idtntitil kaownamttrai (f bin (dtaottd 1 traininf wjuente). Howe/cr, cote that 1 different embodiment 
can itie 70} received Intvti mmi^ different [aon-jdentica]} in^rmition, but inlbnmtiiin itiH loiown tt the Iff ; 
(1) recririnj the "H" tl^l auiplei \ aloq^ witli nniltipath aitipcncnti ind iioiie at, e^ , K; 

(c) fitf cadt of tlie retwed "fl" tainpia (, dttcnnininj at the Iff an eitimaKd diaaiiel power profit [CPU). Eacti CPFi ii 
determined by fmt determinint yii a procawr jr the IK, a amliined arreUtion rapome ("OianDd Inifriibe BcipoDie" 
or QRi) of a itnaS number of tht hinti {e^., j) 1) totreJatiiis each lurst with in bim tonentj. Actoidingly; the 
squared ahobite nbie oTtjie QBi it the 'etiraatcd channel paver proflc" tr CPFi; 

(d) [randomW Klettin[ T (tj.. 10) out cf tlie ■^t" roetd ample!: 

(e) petfonuinE UKohertnt intcEtation cf the CPPi for the "N" jamplei leletttd, whkJi reattti in aa intepated j^pial, it, itne 
inte^tcd channd power fro%.ICPP(Ni}; 

(f) dettrmininjif tJie (gnaf-tmoiie ipality of the ICPPflfi) (tjrtJtertlHS or equal to j pedettmlned tliralald nbie, 
and if not, improviiiE the tiEial-to-Doije quality of iCPF(Jfi) ai required, by ttdoinj the iatoherent intepatua with 
mtraiivety one aJditKmatreteifei lample CPPI antil theijpul-to-Miicqiiality ^the l(PP(lfi) iipeittf tJian 01 epil 
tetiiepredtttTminedttire!ho!JTaii^ 

(() detertaintnittieTQA(0.tn(jnirmftlieaieofileterinininint^ 

(h) oiteriiie the dsetiined TSA[i] nine into a diaftim that ilim a freqncity i occurrence as a Wm of TOA(i}; 
(1) rtpeitii? the whole ptMeiSire 'f times by selectinE a new combination of 1" out of "fP simph. wbidi remits in T 
additional points in the frequency (fKanrcate diapain; 
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0) faim die niatiinin iraht TO*(inin) « tJit tint niaf liaiinj T ofalt KcnrrtiKa wirii l^jlitr IOj|(i) nluci ami l-r" 

tf iQ (cmrraico wth Imtr rOAffl nfecs, vrtitrt i> o.j. 
Ai racittiontd abovt, in aMmi tf £ht entbfft rOH nny iha bt pfimla fcr nOA inil/cr ADA wirtltii katton trdiniqiiH, 
vticrcbi i linilar incolmcst inttjntiDi anf it fotmti. 

Mi that ] 6nibcck m iniy bt partioitarly DKfiil for Iwitini i titjct ffi i|i> in 1 vitdctt namA. 

A fira (rdtr niiitfcl 1114, fitncttd tbt Pari nmdcl litrtiii. h nibstaiitially dKclDioI io li htct (damttd tlit 'j^l Pittat 
litrttn) liltd Htc 15. 11^5 aod iiHittf ttar, 16, H|i<| liavun fari. Kttaa aiff lipni « 'mm thii paw lictnj fiiBy inttrpDrattil 
litrtiii by rtftroKt Iht hrl f Off inchiln a lyitoD fiir rKwin rtpretntitivt tignah (deratrd aha Toatirij (tkh tlx taijtt fti 
140 ria, t|, bajtitatiwii m aiutJubitiiiicDtV cmnliiiit! infitnnation rfjaitfinj thtaitpliwdeiiMlphasf of tiit MS tramrattttil ijfnah rtctivnl 
It tht bait itatioDf tt ilttmniiit tbt poiitioit of the tarfct 149. tn out entedintnt, tht firl nodtl uict inpat ftom a Isatin; ti^l havji;; 
iwoornKtrctiniilt-litqucHrtitiiti, aitntibUcdiiitteanvillDoifcntiiiil. Hotttvtr.atleaitioiiittftbtbattttanoiniupttftrabtrincbidti 
at Icait two anttniui tpactd (tod odi othtr by a dhtaMt 'mm a (inatttr nrdtii^ and icvtnl UYcltiietIn of ttic virtlni Irattii; ij^h 
rt[ejralfrDnithttjrjttHSi40.0ptjiiraIly, anotbtr antmna wtialiy abovtorbdofthttmofinortanttiiaaiahotpacfllbyaifiitanctof 
bttwta J (uantT wardtngtti and trmal wavdci^ifn can bt okjI whnt dwatiDD b ab« btins titiinattd. TIs tat (tatioin xa amplt loatitij 
!ignah (rora tht tirjB HI 140. Ibt Itatinj li^b intlidf toiw tim an bt it df trtnt frtqiitiKio, Tht tono tan aho bt transniitttd at 
ilifftrcnt tuDtj. or, ut an alttmatm onbodiM, thty an bt traranitttd mhantooiiy. Vsm, in ont tmbodinitiit, only li^Sl^lTtlIu^^cr 
tont! art nitd at tht lotatin; ijpial imtod of modntattd iiEnati. aliitintial tnnjiniiiiiin drmitry may bt tCntiiHttd. Ifit Pari fMl trtractt 
Information from each reprtsentitm tignal rtcthrcd front 1 tiriet W 144, vhcrcin at lent toiu i^tbc cnracttd infotmatioii n rtUttd tt the 
anpCniifc and phait of tht rctcrral it^ 

la oat onbodlincnt of a Parly fOK. rttattd to tht dndnmrt in tht Patent, vbtn the batiom of tbt Ki vi art )sm, and the 
diitoioii froni any two of tht 1!^ m to tht tai|tt fit 149, tht K'l iMation an bt initially (mtghly] dttmnintd by li^ dlrcctinn findu; 
ttthniiptL For eampte, an otinatt of the phaw dfftrtBct betittB tiie (jptah at 1 pa? of antauiH at any IS ni {Jiavli? m nicli anteanai) 
m lead M thtdtttmiination of tht anglt frrai tht bait ttationt»tftt latittflS 140, and thu, tht dntminafioB of tht tarEttmdirtttiwt' 
Subwintntty, an athaiKtd loatitn of tht taritt «1 140 ii conppted direaJy frora rtttired tatjtt MS jjpia! data niinj in an%lty ftmctioa 
A{i,y)dtKribtd intht 'sii Pattit, whtrtinfortach point at x.y. tht ailiiEnityfiinaioa A(i,y)dtptnil( up tbt prflhability that tht ftS ii 
locatiiiatchc;tglocanonrepr«enttdby(i,y]. fitattially the PKtFOH(iinbli» iiijlt of arrival rdattd data and ItOArtlattdditi for 
obnininj an opdniitd ntimatt of tht tarjtt US 141 Bowytr. it appean that indtptndtnt AOA and IWJA Hi ioQtioni art not meil in 
dtttrminins a ronttji? tatjtt fIS bntioi (tj, withoiit tht Ktd for (ffDjttti(j Biw at anjla arrival or mrnfutii? tht intentttion of 
hyptrbolajdcM bypain of bau ttationj. Inttad, ttit Pirl M ethnatti tht tirptHS't totiom by ntinimiiti a joint pnibaliility«f lootion 
rtiittd tnon. hi partial lar, fadi ninunizition nay mt tbt mean upart error, and the totioa [x y) it which nitniniiiation otcnn ii aim it 
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Hit ntinutt of tht tarirt MS yo. In partinitar, ttit antitjiiity fiswam mm \k mr inralral in a pmiroit dtttminatkm for ad 
point in J jHiloatiDii {arta'uD mfma jyittm. Uic tifi miA (ptiniifl tbc jmtiijuity (imttiiiiini idea j iciittx,r atwlikh tlitiiiotiJtd 
tmir H piiiiiniiiri. Kit rniilttnj loation (iir (i. y) h rata » tbt otinjatt tftbt totion of tlit ti^tt US 140. Any of wtral diffcrait 
(iptiniization prKduro on kuid to (fptiraia tht inbipiity liimtion Afrj). E|., a (im rt?glt tjtinitt of ttit tatjtt fB'( lwt»ii may bt 
obtiiDtil by dirtmon RniTui; [ai &mti Hm). Ilott, tti pointi i.y may be iclnttil ttiat arc in dote proxiiiuty to tbt cstinutcd point Ttit 
anil^ity ftnttitn A(i,y} ii lofral for tacd of tfte jcy pointi tP obtain lii nka. Tht tn toapitnl yaluts art then oted to dtfuie a jnratioltt 
turret. TIitpointi,yatiriii(httitniaiuiiii[nntaeofthtpar]bo[icsQr^to[mnlithtntilienaith^ ilowcvtr, 
other opniarion tt[hni(|»n way aho be owL for tamplt; a itandard ttchniipt wdi ai u iteritift popaiion ttirou^ trial *nil error to 
wnrait to the maiiimini on bt nscd. Aho. iriditntKarth on bt incd to optiniit the anstiiEuity fiinoion. In the ait of ttirtt-dimemioral 
loation, tiK twwfnntniionii ainhisoity kma A{ji,y) li traded to a tSrtc-dimtmional fmction A(i.y^). ib in tht twHtotniiDiia! oit, tht 
ambigstity liinttioB nay bt optuniitd to idea a point i.y; « tht btst otimate of tht tarjtt rti't foatan in thrtt dimemkm!. Again, any 
lennl fcnown o|ittinitatioii prwatnrti, tich ai ittr^tin pn^^etiion ntrotgh trial and error, [radieot ttatth, ttc, aa Ik ititd to optunize titt 
unb^ttyfitiictnB. 

It (I btlieved dear fsm the botira ttnttr/pttway 141 aithitettirt ad finni tk arthttecBirt of the mtbile itabon location 
inbiyittn (ifticribed in a lepantt itoion btrtinbttow) that target HS 140 location rtUttd uifbrnijtion an bt obtaintd from a HiS i4i an(/or 
ont or more USs iji Horetvtr, rath location rdittd infemation tan bt inppTitd to any fOfl 1114 that ii allt to atttpt tudi uifiinnitton » 
ln;ut Itai, pattern rtnption and adaptive fOHi nay atteptintli Infbnnation. Homtr, to proridtanaltitnatiyedtiaiptiiin of ho»fR 
iKatioa rdated itfbrmatijn (rem an ftfi ani/w til may bt tied, refereoce h made n Hi httnt Mjt^^o (denoted tht '410 Pitent heron) 
dltd DtL ^, 1^^7 and imcd Tdi. zf, 1000 havii;; fotiisi, B tij and 6hiiler at inventsn, riiii pattst bting incorponttd htrdn |ii!ly by 
rtfereno. A 1(111 fOH (denoted tie TOiEH fOH htrtti)tiii|gTI10VJWAtifii(to^ Patent 

Ibe fOKlEII fon indnda a kntion eittnutor fiir dtttnninin{ tht root Di^trtnct (fArrinI (TDQA) of tht poiitioa a tarjet Ml 
140. which ii baitd on rinerfAnini (lOA) and/or AAA nifaiiiraDniti, Tliii fOfl mei data rtedved frora •pieararingdwito' proyidtd within a 
virtltt! tdtcoraiiniatijffl netwirk. Tht nuasitii? dtma nxKurt IDA on dtinand and (optionany) Oiretticn of Aran] (DOA), on a djptd 
nplinlE thnt ilot or on di^l infonnatim on an vxSsii iifdhdc traflic (tiannd in one dT Btort radio batt ttitions. Tht M and U in^rmation 
and tht traflic dunnel oiDibtr are ttporttd to a HobOt Itrvicei Iwttbing tenter (fdt), which obtaim the identity of the target US 140 from 
tht tiaSic cbannet nunbcr eid itndi tht Rminal identity ad IDA and tOA nmrtmtnt infmation to a Itmct flodt H. locatiog centtr 
142} of the netvttt IhtltrvictllodtQlcnlatatbcpiwtiontftiittarittHSHonsbtithtTOAinfbrntad [ntppttmenKd by tht DOA 
[nfbrmation vba anOablt]. Note, that tht TIM Dodd may nnla data from 1 letjuid mobOt ndip termini] it coloQttd on i mobile piatfbrti 
(autB, traaitncy whide, (tt) with one tht ndio bait itatioin [ti, nui yf), irtiich an be nored into reJatffdy doie (ronmity with tht 
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tarjtt fC 140. [<iint(iiieiitf]f. bf ami ft cf ttit niiio Ihic itatiom (fttSi) ttoit n tlic rfjioa of inttrtit (war tlx tarjtt ftS 140I rtie poiitw 
fctmnuiaciiui umtf h ipifinnttjf tnipmral. 

Hm that tk '41)0 Pattnt aha iitliwi tKiiniipto fflr rfiliig the tarjtt HS't tramraiiiBii powtr fiir tt\atl!f allmig wcIch i^siials 
Friiiir ttic target Hi to Ik better dtttftnl liy dHtant Bli 01 

5 (omajtArtiRrttOriltrfdidtl 

Kafii) imiit area of inJiridual iiK mm m nay bt nid ti Esraate lootion otimitti of tht tarjtt US 140. Attlioajli a lint 
order nodd tu4 bawl 011 tliii mm mi be lot mm diait otlicr ttttmiqutt, if 1 reaionably icntntt tlT arnist m H iuiiiwi {or adi 
(or moit) If ttic ln« Itatiom iii. tftoi nitli i m (dcrattd litrrinilttr ai 1 "(overajt area lint orJtr model' w linpl/ "(ovnast arta moder] 
mair b( KT rdiablc To dflcnninc apprindniitr mmm ratio Irciitinity (RF) Eocatioit cinrcnsc arcai. witli rnpcct a lit i2z, aittciuiai 
1 0 and/or mtor cmtrase artai. (or a tm dan (or djisti) rf (tj., COm n TDfW) mobile (tatimid} 140, location (tmjc iliooU be baied tn an 
flS'i aliDtif to aletjiiately detett the pitot (fiannd, « op^iostd to adeipate li^l paSty for puipoio of carryinj uier-acceptable tiaffit in the 
Toite channel Note that more i Decenary for traffic channel Ktirity (tyiHtaljy on the trdcr of at Icait -^4 n -704 dEni rectireil I'^nal 
ttrotftli] to tnppsrt mice, than eneru needed to limply detect a pilot dianstTi preince for locatioi pnrpinci (typically a mma weater 
- lipial itrenph range of between -i£i4to-iiodltn),thii(the"LoatBii Cmfenje itea' wiS jcncnlly be a brjer area tiian that of a typtol 
15 "VdkeCorefaseArea'.jltbott^ iBdojtry0f)eihaifffo!ind«raeocairreixeiof'noi<iveriise'area)Mthiaab^^^ 

liK approximate mtxinnini tS umsm area for a^iettDrof(niDre^erillyai;eiilarrai!;eabcutjibaiettatioBr2inaybt 
reprcseiitcd ai a tct of pointi rcprneiitini a polygonal area (potcotialiy with, e^.. Ma therein to iconnt for dead lonei aod/or noKhei). Kite 
that if nch {nlyeonal RT coverage area repcientatiom an be reliably detenEincd and maintiuied over time ^or one or more m licnal pom 
lerd tettingi], tlicfl tucli repraentatitiH can be Died in pmvidu^ a set theoretic or Vtan di^pam ipprucb ti ettinutinj the kicatton of a target 
20 fIS 140. (ovtrije area ftnt otite moddi ntOiie joch an approach. 

One embodiment, a coverage area nwlcl ntiiiics both the Ictcnkin aid niuHletcaiofl of bate natiosi iu br the tatjrt t\S 140 
(comnndy. of the ftS by ODe or rure ba^e itatiom m) to dfjint an area where the target KS 140 may IHctly bt il rdatirely utajghtforvatil 
' application cfthiitcchaiipieiltD: 

(1] (Eld aS areai if intenettioB fbt baK ttation Rf cmr^ge ara reprctentatiois, wheroa: [D the torreipondi:); bne itatioitt are 
25 oa-ltnc fbr communiatiiigwith m 140; (Q) the RT iwcnp arei rcpresestationi are deemed reEililc for the power icKb ff 

- the on-line bate stations; [iii] the tin-rine bate station hiviiig relia!^ omage area r^csentitioni can be detected by tht 
taijcr tfi: and (iv] each totenectio 0 minr ioclade a prcdetemiioed istnberofthtrerableRr corenie area rei^escntatioit! 
(e^..iorj);ind 

(b] otnhi new locatini estimates by snbttaco'iig ^m cidi of the areas vf intenettion aoy of the reTiablc RT tiwenge irca 
30 represcntationt fbr base jtitimsm that cm not be dtretted by the target MS. 

Accordingly, the new areas nay be tied to jenetatt locitim hypotheses. 
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tatdlitc Signal Trian^latioii M Order Mtk 

h iDtntiDiifll btrdnalxivt, tfttrt art yarirai latdBtt lyjttini tfut may bt nitd t) proridc iKatian etimaffl »f a tir|tt fIS 140 (tj., 
«fV 6L0M. llOt, ami fffOi). Id many oia, ndi locatMiii dtimatei tan bcrtry acoiratt. ind acMrifingly (nth acmraty mulil Ik ttHtati in 
tht protnt invoitKin by rdatmty hijli itm^ia nfeitj ftr ttit Iwiiiin hypiittieci jentrattii (niiii racli nDdeli in (oniiHriira ti ffrtitr IDHi. 
5 Bornvtr, it may bf fifiinilt fm ttit taijtt HS 140 » ilttca arat/nr lock ena wth lattflitt ignah nimcicntly well o prtniit a batiiiB otinatt 
For ranplt, it may bt my nnlilttly ttiat (Bth latdlitt i?njli nn lit dtttttal by tht Hi 1411 in tiit niiddit ofltijli riit Mnaett buiWinji or 
[Bildfljttnicnirtt liiviitj my ralMoi apmirt n tic ilty. 

Hybrid Sattllitr and ICSOfOm 

A m ordtr motfd 1124. dtnottd the HAOT m btrtin, ii dsdoied in U. Pattnt iift,ji4 (iW ftay 14. i^^i and iisitd Hov. 1. 

10 m harinj Hatttn, Strawt^ki, inj tor « inramn. tftii patoit beinEliillyin«rponttd htrtin by rtftrtntt. Tlit HMBS M indudti a 
batioa titiraator fir dettnnininj UK inotion tf j tatjtt ftS 140 nitiiE utdTitt lijnali w ttit tarjtt HI 149 ai wdl ai delay in mretei lijnalj 
(onuntiiifQttd bttwttn tbt tatja MS and ba» ttations m. for compEt, aiptcti of jbbil poiituniii; lyittni (6PS) ttchnobsy and cdhEar 
ttduioliijy art combuied in srdtr a loatc 1 ta^jct KS 140. Itie HATIUtS m niiy bt nted tt dctominc tai^ttm location in a virtlnt 
Dttwort, wbertiD t&t nttwrii ii ntiliztd a collect dlfftrtntial 6P1 tiror corrtction data, whicli ti fijrwirdtd to ttit tatjtt US 140 ria tit wirtles! 

1 5 oflwort The tjijtt HS 140 (wtiith intltidts a rtctimll for rttthmj lan-teTratrial wiretni lipiah froni, a, 6Pi, or other latdlitti, or tvtn 
lirbomt (raft) rtctire rtiii iata, ilonf with 6PS pitadoranjti nsi^s iti rtceivtr i, iM alcutatei in poiitioa miru tJih infttmatjiiiL lliwtra, 
ifhoi tht raioKftt ntinibtrof atdliteiare not hi iritwof tht fIS 140, aitn 1 pieudotttdTm lisnal. hroadaitlroni aJIru ifttiewirtlfli 
Dttwork. K rcttiKd by tht tarjtt ns 140 and prHttitil ai a nlntinitt for tht attDitc it^L Additionally, in at lait »nit 
(hrtimtaDtawhta tht rtptiite number of attiStti {more gmtrilly.M n. 

20 then tht tar;ttf1S\1oadontialcn!ittdnlnj the wirelcHnttwrlt infill Nheothe 
rtiini!ittmimb(rofiatdlitti(ni{irt|tncralIy, lui^teneitrial virelGitnnunitttnjarr^^in detttted by the rttortr t, tbtn tbt tar^tt Kl ii 
«Saui caloiltttd osinK wtttlai tignah fnia the oon-tertitrial virdtti tranonittm. Additionally, tht HATTERS TOH may trie wtreltii ti^h 
ih-eadybetuftranimitttd Irora bate itation ni to theotitt ftt 140 in wirdai nttwort to Qlcnlatt a ronnd tr^ timt dttay.fntrairtiich a 
diionct (alcntatioD bctwtti tht bate ttatioa and the tatjtt MS an bt made. . Thit dhtanct olotlatiiin mbttbntes fiir a mhsin; titiD-terratrial 

25 trantiniiiioniiEnaL 

Icatiofl taic Station M Order flDdel 

Id the batioa bate Mioo (US) niiidti (TOn 1214], a databaie tt accesitd coDtaiiK titctrial, radio propiEation and (ortrift 
arta charactetistia each (f tht loQtion bait stationt in the riTiD cowajt area. Th^ 

tidtt one or mor; partimlir IfSi ^? ui an area for which the tarjtt Ki 140 to bt locittd ti mptcttil to be placed. Acurdut^, the US nt«It) 
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Bar rtcdvc Ji inptt J Mt liMr nijtt rtl 140 bntioii ntmJtt [ffwwilf mtput by tht toanni oijinc iji (f tte protnt fawntbii, iml nit 
ttin locaira titinutt a dtteraiiiK wliidi ftf iny) USi ip a wmtf irat/or Jtactivatc fiir oihaiKiBj j iiil«c(iieiit kation titiniaR of tlit 
Btjct US. flurom, ttit fttdliict from tlic JoiviRit Uii iji nay be proviiijd ts otiitr fOfk 1114. » appmprtatt, ai ireJI ai to the Ui nodtL 
Bewncr, it k id fenportuit ispw of tie LBS nmltl tliJt wtiu it rcttfm ntt h fttdim ft nujf wtpat lootics tiypotliHci liarau rtlatirtr 
5 nuili tarjn ffi HO luatiog ara tt tinmcs atmttbcaainUiSiipaiiiicachiiiciiiiKatton h/pottiflii ituhaiahijhcoiifidcsanlQtindiativc 
tf dK tirjct 140 fai\iMf bcci; ii tlx corrnpiliii; joatioD area ntiniiR 1 omfidciuc vabc to -m), or barin; a iiifti 
anftdoKC nine infiativc of tiic tarjct ftt 140 not bdiu in tbt (orrcipoDdni; location am otinatcfL^ 1 an^tm vabc oT-o.q tt 
Hotc ttiat b lonc anti«!iniaiti of tbc Itl modd, ttioe mboirioiciiti ma/ bavc |tiitctioiiaOt]f linitir to that tf the covcrajc area dnt onh 
mi6 dciQlbcd aboK. further ncte that for m wtthii a oct^borhnoil ef tht tatjn K n^ertuj thcrt b a rtaiooible chance that vitli 
1 0 oiDvcmtiit of tbe tar;tt fft iDay bt dttttttd b/ thtsc If it. nicti ItSt be raiiicittil to pcMQiIjr activatL (Note, tbat it it ODt »mti that 
nth Uii have an os-lint enemil power imrce; t^, mt cuy be io!ar (mrered}. floreovtr, b tfte tatt where an US tDthtdei tufiicieiit 
elcaroilia to any nice connnniatittii lich tht arjiet MS 140 and ii tht pnaty ES for the tarjtt rt( (or alttmathtiy, b the actlK or 
andidatt ttQ, cIkb tht JS n»dd vU not dtactrnte thii parnmlar US (hirtiie in pro(titi]rt of actintii); and dcMiratiQt farioui USt 19. 

SodiaiticrBitOrdtrnodti 

15.. The ttochattic fint order naddi nuy oit itatiiticil prtdlctiiiii tcchniquet toch at fmfit detonipoiitim, partial loit timiro, 
partial Icait tquaret, or other regreiitra tediniiptet Hir fumii f>>r ooniple, otpeocd mbinnini and mm^ ftma of the taijet ftS from 
e» or mort late ttattont 122, cj., toUotEcr im. mmif. some nntKHtinoti may otc tlarlcor procaiti and Kaidont Halto (predicted 
faff eaaal NS nMntent) for determbus an apected area withiii irtiith tlit tarpt Hi 140 i! litaly to be. Hut it. toch a prtceii meisurei the 
baeniattil tiiiK difTettocei «f each pDnt » the ns mom for fstmsii a tUe tf a fration area etthiHtt arm; pait MS csthmttt todi at tbt 

20 mtNlKitttnfigiutorainchtiPCatiootcnator^ 

htttni teopitiiKi and Adiptrre Tint Order hadds 

It it a particularty biportaot aipett of the iretait iiraitioa to ptvridt 

(i) rat or tnort fOHi 1124 tliat jeoerate tatjet flS 140 lootioa eitimatej ly otii? patttn iKojnitioB or aitodamty tethniquet, 
ind/or 

25 (b) ont cr more KMi 1114 that art adiptrre or trainable w that nth fDHi may jtaeiate inatatingty nwt Jtcimtt tarjet HS 

iKitHn cttiiatet froni additional traiiuitt 
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Sathtiolly liid pjtttm ll«;(iiiti»ii Tint Onter ftoJth 

acjinlliu rOfh 1214 m PtttiB m^oM or nmMtj ttdmiiiiio, ticrt art many ach ttduiiiiao aniMilt. F« oaniplt. 
thcrt art mthtiQUy baial lysttra nicli at W {adtnyn for OaiiilkJtioii and Scpaiiiia Treti} by AHSOiS Wlwart tnttraitiiiital Uraittd K 
Toruitt, (aiutli tlut Dur be uinl {orauttmatialtii fat itaoint or rtsst^mi patttrai in itata ttiat wtrt net pmriilal [and Mf iircruiidy 
imlcitDwii]. AccDnlin^, by mftiH a rdatirdjf liiit mah or {nil ff cclh nf the radu (ovcr^jc am, viirrrin cacti cdl h oirirdy witliu) a 
pattnilir area type canjorizatioit, todi at ttic trantiotttliiii area [ypct (ditniticd io chc tcouii, *Covcri;f Aro: Arta Trpci And Tlidr 
lt(tmntiiat»o' Hen), the raiTicd totion «smjt ctottm vittiio tlx ccBt of cactt ara type may tt inalyiol fbt tpal cturactrnttk 
patttnit. Accenflitj^, if inch a dunctmiiic pattrni it Nnd, then Iran be ntcd a idcottfy one or nmre tf the cclh in wlildi i tatjet tli it 
iil^totKlxactd. niitit,n)ttrii>iir(lKati(iot!rp(ichetctntaytic£aicnttd \ami target f)Si4alDQtjDncstiinatttth»(()rcranarea 
haviit; ttic identtlicd (cOi wttercin the taijct 140 it liely n be Incited, fottber oote ttut tnch ttatttthltif bated pattcra rctb^tioo lyttenn 
at W tndmltiDftwareaideieiieraninfiir (eneratii? expert lytteni loftmre enibodinienti fer retopuiii? the pattemt detected within 1 
tfiininj tt (ti, tlie icerified lotatiDi lijmniK cfettn). 

k related ttaititial pattern reco^ition fon ni4 ii aht dHdoted in Hi Fatent i,iii&,j(i4, med Jan. 1, ^<flf} and ittued f cb. ij. 
1000, bariii; Hiiteniat)! md Hai » inrcntDn, tliii patent (denoted the Il3tcaratti patent heron] bnnj inoiriiorated herein hiity by reference. 
An onbofinienr of a fOfI 1124 bnal ra the dtidonire of the HOienrath patent it refttred to herein at the liiltennth fOft The Hihenrath fOH 
bKbdci 1 vireleti iocation ettimitor that lootet a taijet Hi 140 atiiii nteatnrtmeno tf nultiiiath li^h ui oriler to acmtatcly detemtnc the 
ItotiiHi (f thtorget ffii40. Here partitnlariy. to locate the tarjet HSt40. the Hihenrjth FOH wet irirdett Bieatntenjentt tf both 1 direct 
ifial tnntniitiion path and nniltipath traituntiitoa li^h fim the Kii4n t) a toe intiiiRTU receiver. The virelni lipalt Irop the tiriet 
riW40 iirtre at aiMl ire detected by an antenna irraj of the receiver it the IS ni, ite 

Aii^l (ignitureCe;., an embtdinititt Ufa location lignatitre berdn] fir thttfOK nay bederiral Iroin any CDmbimtion of antpOtnde. pb»c. 
ddiy, duTction. and potariutioD tifninatioo eftheiirirdciiii!:naht[antiDittedfroothet]rjetK(i4i>tiithebHettit»nni reteirer. Ihc 
Nlltenratli fOn 1214 detemtuiei attgnaltigiutnielniniati^ltnbipactofatoviriaocc matrix. In particolar, for p antennat iDchi ded in the 

bate itation recefret, these antennat are UKd to receire coinpla ijpial enwbpet i^t), i., (t) i., respectively, which are tonraitionally 

pnfied tugethertnfmii a |HluiitiBianalimyrtC«i(t}=[Ji, (t), i,(t). . . . . (t)]'. Ihe tjsnil tnbipjteniay be dtteraiaed from a 
coDectioBofHtuch imymtoniltlkf teveni lechniipia. In one ndi ttchraqne. thewttr prodacn tf the H irecton are added tosether to 
(bnn a pip ttEnai covariaiice nutra. (=i/H [i(tji(tj" + . . . +1 (t^{x^. Ihe etEenvalnej of I nm rajjnitndo cweed i predetemiined 
tfatnhotd determine a tet of dominant (jfcnvecton. Ihe ti^ nbtpace it the tptce spanned by thete dominant eifeitmton. Ihe ttsnal 
ti^tnre it compired to ) dmbatc. of aMai ti^nai tisDitvrci and corrctpocdiii; toatsm [tf., a ctnbodimcnt of the Intton tignture 
data bate iju], fheretn the sijiial tl^ret in the danbate include represointiont tf the tisnal ntnpicet [todi at the dominant ttEenvcoort 
of the cmrlance imtncei. Acctrilinglr, a location vbtte aliiitited tifinamre best matches the signal ij^re tf the target flt 140 is sdecteil 
at the most iilcly Itatun the target 140. Ilete that the database if calibrated signal signitnres and ctnespondiitf verified location it 
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(entntti by i Qdnitwn prKcifcirt in wtticti j mnH ^ W ^nin Iwtina dan tftrivtil fruni i co-lratcil fiPS rcccivtr n tht bait 
ladrai HL lira, fir ndi (fi (teraPty tf kntirai dijtrilrateil tlin# i imrta iro, tlx iDotiiia liai iiiodjttil thtrwitli: tte (6Pi or 
KtKkd) kiatiDii inliinaadoii and the [DrrcipDiiiriii; ipai lignaturt (f tbt oMintiiie t\i 140. 

Accordiiijllf, tilt iKatun ef i tatjs flS 140 in the ictrkc ira iDijr h determined at fbOm. ^ otpattii; jtmn the titfet flS 
5 140 at ai mtmvz batkin art tecnral at 1 bate itatim hl A li^ procesior, ej.. at the hue tntsn 122, tboi dctcminci the ij^nal 
f ignature at described akre. Ihe vsa\ vpaun t then citni;arcd vitti the Qlibnted tisnal u^rei nnred in the ibm dncnbcd 
tnthMTuiait of the iootion ijgmtnre database t;z« durtii; the alibntioit [roceiltirt. Osins 1 inontre of diHerence betim ntAfiSi {ti, u 
an^ between nbipacei). a let of Dhly lotatam h idttred m Ox btation liEnanirt datalaie erabodinrat. Iheie teteted liieiy locjtiDni ire 
thtie bationi vhoie iiiociattd alibrattd ifpial iijnatnrei dijfer bf tet than a ininrani thrtiliDld value (ron the tatjtt MS 140 ijjnal 
10 lignatnrt Ihediferencenraiirciilitrtheritiedtoprorideatorrtjpduijmainreoftte 

i; rtie jctnal target Hi btatioii floreoyer, fiir oat or ntrtif the (detted liieiy locjtira, theotreipondinf ineMreiaybeiiiitista< the 
wnfideiitf nbic for a (Drrctpondtii; batiofl hypothciii output if i Kiharath m 1124. 

Rail, in ODboduneiit of the pretent inveittioa nuii; melt 1 NOiemth M 1114 fofum the foIlmiQE ttepi (a) - (d): 

[a] recdni|;ataaajttcnaiarrayptiiMatDneofthcbaieit]tioinni,ti£nihoti^ 
IS tignaltcompnup^nicniiooilatTijrvcttonuinpMftoinpantei^ 

(b) dttmnininj frca the rettrnd ijpiali, a !(pial lipatutt, irtweia the it^l tiputure Mtnpriw a neanirtd nihpate. wherein 
the Jinr reooit i(t] are a[ipniiniatcly (cnfincd to the neanred nibspacc; 

(c) (oniparui; the vsra\ vpam to prcmiiy Dbtatoed (and timilarly consputed) i|^l ipaturet, wherdn each of the 
prcnouily obtained lignal lignauro, U, hat aitodJted therewith corrcipondiiie Iootion tm rmtm the tocatioo whereSS 

20 was obtained, wherein thi< ttrp of compartiii (otnprhet tabitep of aloilatiq; dttTereocet between: (i) the incantred tobspate, 

and [ii] 1 timilarly detttmincd ratrspate for each oTi pbnlity of the preriovsly obtained i*pai ipaniret; md 

[d] ideoiiie from tiie previonily obtained tpal tigninirei a noit lely li^l t'lenatiirc and a corresponding nmtt libtf hutira 
of the tatget 140 by iniq; the alniliteil diUereiKci; 

Itott tiiat regardless the rcTiabiHty m fOltt it tecribed here may lut be exccedbgly acmratc, but lay be very rdiahle. Thirs, 
25 since in itpect if it least tome anbofunents cfthe presoit brrcittiNi is to use a plonlity of Hi lootiso tethntipies pnt] fot geoenttiig Iratkin 
estiinites Hd » inalyzc the generated esdmatts (lOtdy after beiitg idjottcd] to iletect patttrnt of (onmgeoce or chrsterhig inoiig the 
estimitcs, even large KS botion area esthnatet siiy be oiefiiL for cximple, it ctn be the ose that [mr different and relatively laigt K 
iKation esdinttct, each bivsig very high reliability, hive an arei ofintcnettion that is xceptat^ {rcdse ind inherbi the ireiy high rcSabirity 
each of the tatje ffi eootnn cstiraatts ftoni vhia die intettetttoo area vas Ii 
30 K»c thit mflhcr ttatistiaDy bised fUri 1114 ntiy be pmridcd wherein the niTu coverage arei it decomposed substantially at 

ilwve, bit □ addition to isiiig the tignil charictcrittio for detcctu;; nefi^ 

proiridu:; the tigaal chtrxteristiQ may aho be osed. Bnt, assiuiuig tliere it a titflkient density of nrtfied Imtion tignamre duttets in sonK of 
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tttt iDBh m 10 rtiat ttit intitical patttrn mmtr an ilttttt pattmn in tht !i;ral titmmfx losirtmeDti, an apert (yitem may bt 
lountnl tlut oitpDti 1 nr;ct 140 iHadoii cttiiiiitc that nisr provide bttii i rdiabk mil Hointt loattoii atinidtt of i tatjct 140. 

Adjprtvt/TrainitiltrnrOnlfffW* 

Maptivt/lraiailt Fint Onltr Hodth 

Tilt ttm iliptirt ei ltd » tfaatbc i ilati fmam mfom ttiat nn ntodi^ ia im trmiai tduvior b rflpoittc to [crtiio 
nipuQ ttHt irc Dial to da^t mm^m inputi irc pcciitd liy the oinipinicit MiitgV. ) dati fncciiiii; componcat ma^ be 
"aplkiti/ ailapthrt' ly raodipu to Kbayjor accorfms m ttit input of nprttit iDitnittioiB cr amtrol data that h input ftr dianginj tlit 
componaif J whequoit btliaror in wap that Ji( prttoMt and apecttd, Ihat h, tht input mia opiidt initruttjom ttat art teowr liy a 
nttr of ttK auDponcnt AlttnuttKjr, a itata prntitiii; anifCDCot lay be 'impjicitj/ adaptive' in ttut itt behavior ii nodifitd by nhtr ttuji 
imtmctions or coimol dan iHtit otanuiK it blown by a iitr of tht anipoiieiit for aain^lc ndi inipridtir idaptivc diti jmam mj 
Itam by tninin; on aamplct, by fobitaitttally on^iilcil aptoratioo a lohitiou tpxe, or othtr data dtivei adaptive itmcjies nich ai 
lEa^Dy jenerated dcdsioo treei. Aaordiiitity, it ii an aiptct oftht prcioit invention to utilze not ooly npTidtly adaptin location 
Qtinianirf vidiin m 1224, tut iho tmpitoitr idapdre MS location atrniaton. in particulit, attiiictal neural netmtlu [alio dtoottd nniial 
ntti and Allllf hertin) are mtd in mt mMmm ai iniplidtly adaptiw US Iratfon eitimatoti wthiu fOfli. Ttai, in the jeoioni behm, 
oeuta! net ardiitecntro and their applitatioa to bcann; an H\ h deicritied. 

ArtirKiiltleitralltttwiirlarormLgation 

Artifitial omr^i nctwotin nay be patticubilr ntefiii in dcvelopin; one a imre lint order modeh ni4 fiir locattii; an ffi m, mt. 
Tor eiaiDple, AHIIi can be trained fa imifm inUm nm6ttif pattern latthinf niinti Kf Ji^l jntanironeim mb ai the hKation 
tiEnatoret. Hiatii, bytTauuiijooccrniort artiliaai neural ncti Vint K si^ itaiurenm Inun verified totutm to tiliat RF iigii 
trantntinons characttrtnia indicativt ef particular locatiDnt are anodited nttli corretpondiiiE lotationi, ndittaintdarti^talneuraloeti 
tan be oted to prowde additianil target US 140 btatinn hypotlitta Hortover. itii an aipttt ^ the present invention tiiat the nainii? of totb 
artificial nturil net baied KIM! [M fOrts) b p/idti mtlmit ntaimal intervention ai wHl be dhcsiKd bertoibeloiv. Additional dcsffiption of 
thii aipect of tht present iimtion an be fouiid in the topafut; U patent appDottoo titled 'iKation Of A flobile Station' ^ed Nov. 24. 19^1 
havinf AjipOQtioi] Ho. 01/194,367 nftwe inventtm art [. J, Dopray and C L Karr, wiilch it btirpowei liertln by rtfiwnct and wherein tliii 
(opendio; patent applicatin nay have enenttil loatmal for tbc prnent inventiiRL In particular, this copendtiig patent ajftliation may hare 
essential material rdatiqe » the nc ofANNs as mobile ttition kicatini estimaton T224. 
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Otto rmt Order HodtS 

n |attnti}io,jji (^ji patat) m Oa. ^, i^ii \an m m dite of f A. n, ii<)s witfi iiwnr tonj Sradwt a. il 
prarklci mnlKr of onlmliiDaiti tf wirttet kotira otiraann fur tjEimtinE tlit Hkjoiiii if j "rtnutc onif In partiabr, nm totioi 
stiiDim anbadiinaiti irc dncriM b rtbtiDii n fi^. it and it thcrnn. Hie toackm csdniatm in the "jj^ pjtat arc, in imA, diretttd 
to itttnninlig W or idjitited dtitanco of tbt "remote iinr (e^ , Hi 140) from one or more 'tniKtflren" (tf ., toe ititicDi m). fhe 
dittaMei are detenniwd minj li^al itrtnjtJi raeaiiireinait! of melen ttjnali tranunitted between tlie "reniott inif aoJ the 'trarateivtn' 
Homer, adjntncnti art in the lipQl itroinlis Hcordln; n nnnnipial tnnuniuinii araaliet [e^., tt^iannd interference], iiii[iainneiiti 
ind/or trm MditBnallf, a lipial Rf propijatton model raaj be otiliied, and a likeliliood of tiie "rmott oair bans in tfte deiignateJ 
cuvtraje acat (telh} of prtiailar transteirai (c^., baie itatioiB m] it detomined mt \ifMm tethraipiH sicli as poiterim 
proSabilitici. Acardinslir. the linttot pitent ii fiBy intorpotittd by reference berctn and mif cmtiiii esjemia! naterial for the present 
wentioB. 

Il.i. fatait ssjiAyi f 4T1 patent) fled Sept li, m liavinE anisiiK to of (kt. 11, mf> with invrnttn Ullanc et aL provide 
further eioklinisitt of mrdett totioii etttnaitin tliat may be nted n Firu Order doddi 024. Tlie location atmidiu tedirnqoei of the 
LeJlinc '4n ptent ait ttsoM with rcferentt to % t and (tcceedinj fipira therein kt a h^h level, wirdeji batKn tedtniipei if the '411 
patent can be characterized by tlie fblloviii; (juote tkrefroni; 

The location prweiiiRg of the preOT iMJtion fiwries on tJie abili^ 

raeanrementi, then perfbrnins data reduction tetbnitiutj inch ai curve fittinE tedmique, toirifljtr lanA, and 6enetic %rithiiii, 

in onler to bcatt a nohae unit and fisiemtnatr in Igattsn.' 
Accordingly, *t Wlint '4n patent ii fiilly bitorpoiated ly reference herein and nty contain aiential material for tiie preient invention. 

U. patent },i4S {HS patent] Hied Dct 4. i^^) haviite m Koe date ef Karch {, 19^ wicti inventor W. provide fiirther 
erabsdinienti of wireleit bcation eittmamn that may be nied « fnit Order Moddi 124 In pattiaitar. the '(4^ ptcnt detoibei virtieit 
locatitin ettiniat^c techniiitci niii; trianiulatian] or other jcofraphicil intcrwtton tcctiniquei. fiinjier, one tnch technupt it described in 
otinin b, Hue 4Z thm^ cobuni 7, Enc 7. Acconflhely, the Sood 'Ms patent it fully imiTpontcd by reference herein and may contab essential 
matetsl for the pesent ioveotioiL 

1.1 patent yi3,64i fi4i patent) filed fccii, ^<^<^9 havinj an itstie data tf flat. 1, r^w with inventor b pronile fcrther 
antuduieDtt of trirdeti loatiMi cttiraaton that may be used as firtt Order rstdeh 1U4. In partialar, the '142 patent determines a 
ttrtespoDdinE proWillfty density fiiKtion (pdf) about each jf a phtaiity of bate ttatioa ui cwnnnication with the tarjct HSmo. That it, upon 
Kmsi wdcsi tisna] meatnrenicnts fnm the transraltsitint bctwcci the Qtjet 111 140 and bate ttations 122, f)r each Di ni, a corrcspontTu)! 
pdf it obtained ftonpiiormeasuremcntiofaiiaittcularwirelessiisnat cltaractertstic atlacatttns«inndthctiatestation.}Qbiei[uently,atnM 
lilcety locattoa cstiniaciin is determined fim a joint probability density jitoction tf the indiviiliiai base station probaliility density fiinctions. 
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fiml» ilcicri^Jioittiii It fimnd b tht Dtjtii[itH)ii Of Hit frtftrred Eniboiliraoiticctwii of riic '641 patmi kmiis^, thtUi 'i/p pattnth 
intorponttil \if rtftrtnct berfln iiul nijy tonraa aitntijl raatrial fw tbt prtioit iimndDiL 

KytirtiinntarKrMcIl 

5 A Imt crdcr nmld ni4 doiatcd ttic M isodcl licrdn. Die Ittt nnxld indudci % loQtKiit atiraaniT tliat tun a (oinbinatioii of 

rinc Dilitraw i\mi {IMA] ind Wmj Arfranct (lA) loation dtttrininins tcdiniipiB fir dtttriiiilnj tte locititnof 1 tarpt Hi 140, 
wherdD tbcnarcEDinoriiiointocjoinni tdtunuininiatioa ictwork S!ichaiiCKIli.ni(liytiriilviiTlai bcatkiit tKtiniiiuc tttilizal tiy thU 
loation (idmanir ma nQA nrnmraiiait! and TA mcanimim to obtain tubitantialiy bdcpoulciit badoa stintatti tf tlic nrjtt ni 149, 
wlitrtto ttK TtOA neamraDCDn dctmninc ItrpcrboEac Hi loci abott tec itatioiN tu uinniiiQtiiie (ad or biHlircttioiuDr) witit tiK tirftt 
10 Kl,aiidt)icTAiimiraiaitidctmDincar{)aalmtttitbaic[tacioni22. Accordiiiflr, an cnhaiKd location ctttniatcofttitrn 140 can be 
obtained by ofbija Icattujoara [orotlin'ttactitiQlttchniiitif}, wbcrdn tliclcatt-iparQ ttcliniipK dctamina a loation for tlx KS bttwtoi 
tilt rarioQi airvci (hyptrbolat and drdti] that btit ipprmitn a point of inmtiofl„ Us. tliat TA h ottd in aii Tinic Mion Kuttipic 
Acccn (nfU}t]ntain at one ikilld in ttie art vi ondcntand, and tnomroncnti i>f lA can proridc a iKanircmait tf ttKdiitancc oftlK K( 
from a TDHA {tmnntniation oation in coniMincation mttli tlit tarpt MS 14a. Die fott nxNld ti iTittlotcd in D.i. Patent ^^t;,jii} Patent) 
15 filed July JO, \% ind iinicd Nov. 16. r^^q Iwing fnt and fanitiapakeian ai Invcntort, ttiii parent betiie fiilly Incorporated hcrdn fitlly by 
rcffience to ttiereby fiirttw deitribe the lost rodeL Ite foDowtaE giiote from tlit >i fattnt destribei an important aiptct of the T«t modet 
TntlieniKirc. ttic cvntiuDtion cf TA and TlOA iliow resolution of CDnnnon intii^itia tiiffercd by citticr technique 
ifparatety. Fsr example, in n{. j a litoation [nvnhfiii; thra base stations 14 (A. I and ( u Icscrilied, ttie latter beln; risible to tiK 
fi^rt) it repretoitcd aloq; vttlt die renilsnt m bjrperbotK At and AC [and rcduitdact tiypertii^ jg ^ a TDOA potidon 
20 detcrminadoD the tnobile H. n&. j ii a new of the mobile ttnninal tl loadon showiiij die ncatliy liaif stadons am! the 

iteaity purtions at die (urm. it itunild be Bitderftood diat, in din ase, nsni; TNA alsne, there arc two posslUc olotttiK, where die 
hypotobe cmi. The addldon ef tbe TA drdcs (dashed ainrcs) ml al!oy tiK amhijuars ubtims, wtiidi Kc at iTifTcrent TA from all 
rtiree base stations, to be dearly rtsolred withoot the need for addittoml base stititn 14 ratajjrenioiti." 
At an aside note that a tiniui; advance (TA) tint if dcr niodd majf bt prmded as 1 icpatate M independent M the TUDA pordon 
25 (f thtTost model Dm, if an embodimcDt of dx iresent imftodon includes bod) a TA fOK and a TDOA IDK, then the mnldpte location tstimator 
ardt'iteaure of die present nivcation may substandaily tndnde the Tost model viienevcrliodi die TATON and TDOA fOlt are bflh acdvated fori 
tame iDOtira insonctofa car;et ^140. however, it it an aspett ef the prescnr invention t» alsii activate such a TA FOn andi TSOA FOft 
asyndinnoiislyftoni one another. 
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i %\ (trdcr DHiild 1114, ■'omtHl the Vtcpliln nndd PK] Ixrcii, ii ditclmci! in Vi Patent (dcmttil c)k "124 Parent 
hcrciii} filed Apr! u, iqi}!! am! tuned lee bivi:^ Sheynblat « the invcatn', tliK pitent bdiu (iiny iiHerporatcd Itcreui )s\ reference Ibc 
Jlicyntitit rOK pnmilcf a luatiitn tttiniatar for prtKotiiij tarja Ffi 140 kicatiDa rdattd injbnitatkiB lAttiinal froiik (a) latdEtr li^b of i 
HtelSte pnituninj t/ittra (dtrottd % in die "114 Pittnt) (ei, 6PS tr fiLOHiUS, LtO poiitioitiiii tatdlitt!, ind/tir flEO pojititntBE utdlitt!). 
and [b) aumnaniatioa i'lsnatf mntntitttd in the terrcttrial wirdcii (dblir tHmit ef Bi( n2 for a radit curer^fiF area, e j., mrerage area 
Tza (Tif. 4], vbereii tlicrt k tm-vay virdcn Humnmiicanin iKtwetn tbc tuset Hi 140 and tite tit. In tne embodinieitt of tlie Uicynl^t fOH, 
the loaticn r^ted infotnation obtiinol [toni die ntcite it^h nuliidei a repreicntacion of 1 tinx of nard of JPS utdlitt fi^b ftiiiii a JFt 
latdlitt » a (orrespoitfu? iPS retciyer npnatlydlf coupled to (jnd oMrated wdi) tiie tarjet fR 140 (mdi "time of tnver it rtfcrted to n a 
petiilsnii^ to the SPS nteEite), Additionally ^\ din embodiment, die loadon rdattd infignnadol! obtained frtini dte umungnicadiKi tigitalt in 
the wireht cdhilar netmdi iitduda dne tf travel rebted infonadoi for a mesial in dte cotiiiiioicadcn I'pali bttvcen a tS xa mam 
and U taijet KS 140 (tliii lecond time of trifcr related infonnadoii ii rcfortd tt » a iMs piciidoranst). Atconflqjily, rariom 
tomlxnadont of ptndoraiieei n % tittOites, and cctlular pieudgmijei an bt nied tt determine 1 liiidy loadon dte tar^ nt 140. Hi an 
euntpk, if dte tar^ Mi 140 (enlunccd vidi 1 iPt rtceirer] an rccdvt JPl latdlite ipaH W oik utcritt, and addidonally. die tat^et HS ti 
ahe in wirdni t^mnnnicadoit [ot nn be in wirden coniniiiaicidoa] with tm lb izi. ttioi ttirec pieudorattpi nur be sbaliied and oted ti 
dettmiiiie dte potidDn if dte tar;et Ki \s\, ti, triaiijiislation. Of unitie, odier combiiiation! are pniiblc for determliiiqe 1 badon of die 
tarjet ffi 140, t;., pieudotatisci to tvo ifi utdlitet and one cethilir pieiidoraiije. Addidonally. rar^i tcdinipa mar be lied to mid^tt die 
effect! of ranidpjtb ni dieie pieudoranja, for earaptt, lince it li typial for the taija HS 140 to detect (or be detected by) a phiatif of Ki 
m, J correipondipj plaraBty itf cdbilar (neiidormEei may bt obtained, wherdn nidi (elblar pniedoianEo nuy be incd in a duster analysii 
tectinicpieto iTtuinbiKuate fG loationi Idcntilied by the utdlitt pindoraiuet fbrtorcr, diedtteminadon ofa loadon Ityjudteiii n 
pcrfurmaf, in at leatt enc cmbodinieDt, at 1 site remote fmm die tarjet % 140, ncl] at tbc loadon (cnter/pttway 142. or anodter titt dtat 
crnnmuniQtet widi the todon ccnttr/jateway for mppfm > mtiidn; fK toadon tt dK pttway. iltatirdy, tbc tarjet Yi> 140 may 
pofbim the alaladont to dctemioe '% m loQdDn. Note ttiat diit altentadrc tcciiniipie may be (uttioilarly utefiil when die orjct ns 140 it 
a mobile bafteiatua 141 

nStinnlteficsitoryEDibodimnt 

Ilie fIS jam rejwittry igi it a ren-dnie itiit?je man^ fir ttorinj bxadoa iiypotbtto fttim ptvioDt attpfidons of dye loorion 
ei^ ijf (« itI It tiK ntput orjet loadon cidntattfi}] tethatatarjetflSmaybetadwIuiii^arietftSlocationliypotiieiafnini 
prcriout loadon erigioc ijf acdndont » dettrmine. fbt tnmplc, a moyenent nf die tit^ ftS between cvahiadiint tf the carjet MS batioa. 
Ttsit, by retainii; a monit; wimlow of (rewtti ioadon Ftypcthctei tied b enbatiii; poitttoni if a tarjn MS. tDcatnitmenti of tbc tirjct %\ 
vetodty, Hceteratioo, and blcctr not pnitioa may be dettnnincd by die loadon tiypothcu! analyzer iijl Ford^r, by pnmdiit; Hcciiibility to 
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rtttnt HI bowir fiypotftna, tfiM hypothno nay be ntS t) reoNt tonlBcn Iwwtai tiyportmn it a oirrtnt imm fm batii? Die 
mia ftS; f^„ ftt pjtlii may Ik itorcd litre [tr ii« in mrapclatin! a iirw loatitiii 



tlobilc tait totion Loatioo W/m lampxi 
M1c [aic Staticn Johyitcni Immlumoii 

5 txf Qkm ttmW ckoniiua [dcpttd miibilc IdQtion unit) diat k alilc to tetli atmitc i Ixattiia tU tir^ ffi 140 Jiul 
cramninicitt vitti tiK tasc ttitini ncnnir1[ nay be idliuil by the pronrt invention to more acmntciy loate the tarjet Hi. inch mobik 
locaitoii nnits nay provide jreatv tatjtt ti bcnicm accoracy ty, for coniple, bomin; io oa the tarjet Kitibf trmniittins adilitional ft 
ioationinfonnatttntotticliiatioacaiteri^iTliereirtannniberof onbodiincnn {orndianiobilclHatioiitinitaiateniplateilbytticprflent 
invention, for cample, in a mininial venion, indi the dectrcnin of tk nubile hnn'on nntt niay be Stile tnorc to 

1 0 lectored/dirmional antenna and i comroDer (iir tonuminicatiqE between them. Tint, the onboard flS it ned to amnniniate with the location 
center m and pntibly the atjet ns 140, vtiile the antenna nntniton tpaii homin; in on the tarjet MS 140. tn an enhanced Yertiin of the 
Emtbile iocatioa Dnit, 1 in rccdver may aho be incorporated 10 tliat the location of ttie mobile location nntt may be detenniited and 
[ntteqiiently an cttimate of the loacioii of the target ftS may aho be ilettnnined. Hovevcr, tuch a mobile liation nnit it onlilcty to be able tit 
drtcnniiic nibitiotialiy jiotc tlian a dircttioii ofthctarjaHSltoviathe lett^ed/direatcinal anttnoawithotitfiirttierbitcinnon 

1 5 inftattmtture cooperation in, ftir aam|dc, detomtniii! the tnniniiition power level of the target Hi or nryinj thh power level Hitit, if the 
tirjet ffi or the mobile loation unit kavei the oivenje area no or retidet in a poor commiiiiication area, ir may be difficott to acniratety 
determine where the tarjet Hi it looted. Hone-the-fesi, nch mobile loatun iinitt may be tuincleiit for many titDatioin, and in to the present 
mvcntion traiteraptatei their ntt However, in cjki where direct {omnranicitidn with the tatjet NS it deiired without tomtant contact wirti the 
bate ttation infrastrttcnirc, the preient invention indniici a mobile kation unit that ii aho a tcalcd down venion of 1 bate ttition ni Tinn, 

20 liven that nch ] mobile bate ttation or KES 14! incladei it Icatt an oclcatd ffi 140, a tettortit^dircdonal antenna, a receiver, a tQled 
down bate ttation m aid tuffident (ngponcntt > ontroilcr) ^ mtt^tin; the aiabtlitiet of tlietc devicet, an ahanced aittonontnt 
ns mobile hKatim tytten can be provided that on be elfcaivdy nted in, for enmple. emeipcy vthidei, air planet and boatt. Jlecordii^, the 
detciptien that followt below detaibct an cinbiiditncnt of an m 14! Iiaviqt the above mentioned coQponenti and capabHittei for nte in a 
Khide. 

25 At 1 coneipience of the nSJifJ bei;; mobiie, there are fiindamenta] differcocet in the qieratton oTin NJUin (omparitoii a other 

typci of IS't m fi^L). In particiitar. Wier types of bate itatioot hare fined kotioni that are pretiidy determined and ijiowii by the location 
center, whereat a location of an K!S 14^ may be itnowD only ai^roxhnitdy ami thui may refuire repeated and frciiaeDt rMttimatinj. 
lecondly, other typet ofbate ttatism have mbttantiilly fiied and itible comnnniation with the location tenter (via pottibty other IS't in the 
ate oTU^t affij therefore Mm^ thete IS't may be more rtSable in their in then- ahiOty to communicate inftcmation related to the 

30 location tf a tarjtt HS with the lotition center, accuracy can be firoblanatic in poor reception artat. [hitt. HJSt may be nted b arot (tnch it 
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wldtnitii irai) vkn Aat ntjy bt ro othtr mora for rtfiailjr ind cost tfffctivdy bariitf j tjrstt MS no {\.t. ttot may bt inraffiticnt 

M ktitiiui tS'i (ncrjfc ii in irn). 

rig. 1) prrnido ) high kwl WKk iapim arthteart tf )nc tuliodinitnt if tht HIS bntion mbiyittra ijoJ. Imili:i^, n flBi 

iniy inctadc mjixisa fai mmsmni m^m banon IS mrnii infraitmcturc iod [lu toaticn coittr 141 vii u on-bDirtl 
5 tniKccimiSRtlutBclfmi/dlyanNtHointtjnttilintotlKlcam DniUtlicKESiAJtiirchttinnifiliaiiiralunitj 
inliiimicnirc ijgiial covoaEC, ttico tiic KBS jnajriuttic ibtc tD coniiiiuiiicatt rdiablr vitti ttK batioii (enter 142 [cj., in mnl or 

nmintibQin artai tavinf rtdottd wdoi tcfcptwny must]. i» it ii itnirablt that dK HES 14! juist bt capatfc rf fiii>ct»iunj substanially 

aDiDnciDimity from tlx kicatiaji cmttr In one cnMuncnt, tlin iiuplifl tlut ncli ttii 14I ntust be tapalik cf ntiniatiRg M'mm Icarioi 

» wen ai the locattDn tf 1 target HS 140. 
to Uditioiially.iiiaiiyaininicrtia] wirdai tetcplionir technolog ia rcipitrt lE IS'i in 1 wtmi tv be ray aattratcly ttnte lyitcliniiiiuil 

botii (or tnntprttii^ ns ntke annnmniatiDii ai wdl it [or ctticr urvkti ludi a< ns loation. Accordliifly, tlx niS i4Jt will alio {mi taiti 

tine lyndiroiuucioa. liowtrtr. liitce an niS 14! nsjr sn be in oiintint conmnicition witli tlie fiid loation BS onworlt (and iadctd mar ^ 

tS-kt for nitntaittial periods of time), on-board bigtily atcsr^te tunit; dtvite may be oecniary. tn tne cmtiodintcnt, nidi a dencemiy be a 

onniiienially avatlibte ribidjnm oidHator 1^20 » iJiown in Ttg. n. 
15 Since ttie m\ 14^ , bxtada a tealcd dovi miioit ofa IS m (denoted 1^ in He. ti). it » apatile iT fttfrnitii tnoit typial IS 122 taib, 

albeit on a reduced tcale. In jiartiailar, tiie baie ttattoo portion ofdit HiS 14! can: 

(a) raitc/lower in pilot ctiannH lignal ttrettgtti. 

(b) be in a itatt of loft tmvj-ctfwitti tn MS 140, inii/or 

(t) be tlie pfimiry BS 112 for an flS and tonitqiiently be in mice arnimunitation iritti tlie target HS (via ttie UBS operator 

20 trfeptBny interfict )J24) if tile HS rapports ysite tonumnicjtidn. 

FitttlKT, tbe nBS 14! can, if it betoiact Uie fmq bate itation conntaiilcatii^ vitii the HS 140, reqnett tlx ns tt mt/\m in power or, 
more generally, ointnt] the comnmniatian iritii the HS (ni the baie idtion cnnponenti Novera, itnce the HIS 14J viU liltdy have 
nibitantiallr rahrcedtdephonytnffiCQpicityincDniparKeiitoaitandanl inftitnuctiite baicttatiogi22,notttltatttiepilotcliaiutel^rtlie 
HIS ii prefcrahly 1 noDsnndanl pilot thiiuid in that it iloalil not be identHicd k a (onrentionil tdcphony tnic bearmg IS iu by ftt'i seeling 

25 normai telephooy coniiwiicitiDa. m, > target rtS 140 recteitinf to be kntcd may, dcpendntg on its apabilitia, either automatiolly 
({inrigarc ioelf tt ion for certain prciletenined HIS plot chaEods. or be iostnicted via the fiicd ioaticn bate itatioit imort (equiralently IS 
feliittnmnre] to (tan ftir a certain preJetemiKd HBl plot diannel 

Horeoftr, the HIS 14I hat an utditianal adYintiige in tlat it an tubttantiany incrcate tbe tefiability :f ((nniation wttii a target HS 
140 in contpariton to the bite statin injtistnicture bybniig able to mm mri a milk target KS 14a even if this HS it in (otiovci into) 

30 a redutcd infraittucntte bate ttatton netwDrk (wcnsc area, fiirthennore, in HIS 14! tnay preferably ite 1 firectional or scurt antenna )^l> 
tD more acmntely Itatt a firettioD of ijgnali jtitii a target HS 149. Jtm, the itreepiiig oT mdi a tmart antenca )0 (;4tygcally or 
dettrontcally) prondei directionil infotmation regatdii;; ti^ reutval (rom tlx target KS 141. Rut it, ttdi diteoiooii tnfmnatioii is 
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d»mniii(il liy tlx li^l propj^n dtlSfyoTiiimliFrtimclKnrjnffi^vntliciiiiiQlvmnofMciifmDrtdircau 
team the KtS 14!. 

Itforc pfoctcdii? n fiirtto dtnllj Die tttS tatioa nlisyittin isai. m aaniplt cf tbt spditiiiii (fin UBS i4i in the contot of 
rfiponfing n 1 9T1 mcrsoHy otl ii jlrcn. to (artioilar, ttiii oampK dnolbci the Ht^ Iml oinipatitiffiia! latn tliraijh irtitch the m i4il 
5 tr^EdtiniK, that ititct iHn beiit; tUnitrateil in tbc itatt tnmicjoii dUsnm of % n M ttiat thii fijiire iOiiitTacn the priniary ttate 
tnntitioni betwctn thcK KB! i^j ttatci, vherdn the uM inte traniitioni ite IndiQCive of a t^nca) "iiicar (rggtsiun ita loatii^ or 
tnilcjq; ] taiict 14a, and ttie dathed ttitc traniMoos are the irinary itace rcvenidm (li!cforciaiii|)te.ttdifliD]ltiesinliicatuutt)(tatjet 
Hi no. 

jlcairdii|£l|r. iiDtully ^ ftEi 14! may be ii an inactive ttate 1700, vtierein the M batxa niticystetn ^oi 'n tSm&i aniiahle 
10 fgr voice or diti CDmniQtion vitti ttie (iicd kiattiHi tHie itation networlt. tiiittiieKh4oi(Kacii|;ca|iabi1itiei(tfthenflWreitnactivt 
froni the "raaawitateiTOO theMJS (tg., a poteiff rtscue vehide)iray oittraji aaive itatt 1704 race an fUi operator tm bged ontntlie 
fllS loation nbtystoi) of the fUS, ndi Ivegin; bdiis for authemiation, vcriliatioR and iwrnalinE ofKBS 14! mm. In ttx aorre ttate \pi 
the nfIS nay bt Fisted bf a onerjciKy center and/or ttie iocanoD center 141 « eft^ic ftr service hi respfiq; to a p reipieiL From thtt 
m. the KHS 14J may tramition to a ready state I7»i si^ni^ that the HIS is ready ftir w ui batii;; ind/or inttrtt]itiii; i tarjet W 140. 
15 ]hat ii, tiK KIS 14J may ttansicioa to tiK ready state by perfbmtiqe ttic fDllm; stepi: 

[iaj lyaciironiiin; tlx thnin; of ttx ktation snbtyttem 1^ with that of the base statitn noworti inlnsniicttirc. In tne embodiniatt, 
vha repeitiiis such tnne i^nichitniian'on ^om the base station uifrastnitture, the niS )4^ 
turn loQricii u that the Hn ttoe pctironizatioii may adjust ibr a \sm amniiit of tigitjl prcp^fiatittn delay ui the 
phroDizationrpal. 

20 ()b] btablishin; tlx loatiiiii of tlx m In ok embodiment, this may be accompliihed by, for exampte. iit ms operatDr idcntilytiii 
the prcdttmniixd or tell known loQtion at which the Kfth4l H iKated. 
(t(](itmiDQiKatiiicMth,fbreianpfe,thcqiieiii^encyccnt(rviathe^to^ Injnamctare to identify the KBi 14^1 

Kin the ready oatc. 

Thu;, while in tlx ready ttate 1701. as the fin 14! moves, it tut its loatiiin reputcdty [rt^estimatcd via, for cample, 6Pt s[^!t, 
25 locadon am mS toation ctdmates frtm the base statioos m (ad i^t], and an oa-board dcadrecbintii; tcbsyitcm tji] havuiE an rm 
location etttmattr accordiiu Es the pn^nis detcribed lurdnMiw. However, note that tlx accnracyof the base station th« tyndironization 
[via the ribUtum Kciator 1510) and die acotracy of tbe HIS 14J lootiini may seed to both be perioiIicaJly retiEbratcd accordhi^ to [ia) and 
(lb) above. 

Jlsssnnii! a signal r transmitted by a tatjet ns 140, ^ts s|^l is ttansmitted, via the liitd bation base ttadon inNstncnitc, 
30 ti the 911 enrajency tenter and the location center 141, and atsmniBi tlx UBS 14* is in tlx ready ttate ijol, if a (j rrespcndiiji <(n eraerEeccy 
reipcst K cnnsmlttrd ti the Kli {via the base stiti»n infnstniQare) from tlie f n emerjency ccnsr tr tbc kudon center, then the niS miy 
tramitioji ti a seel^ ttate ijn by perfbrmhis the fi)1loiriiit stgis: 
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[u] (smimtivi vitb. for am^t, ttK emcrjcticy rapomc coittr ra tiK fncil iHitioa batt ttninD nctwtrk tt mm the FN 
code for ttit nrjtt HI B bt bnwl (wtitrtin tiiii tonraraation n pcrfrnntd usinj the nS-Eh transtavtr ipi ind/or the fllS 
optntortdcphonyintnlitcfjMj. 
(lb) Qbtiiiuii; 1 nioit rnmt tirjct ns kiatioii attmatt frtm citticr the ctDopqr center er the Imdon ccoter 14L 
(ic) Inpattiii; br the HEJ openttr an idmlfllEnicnt of tx tarjct ffi t^ be loatol, and trantiittinj ttiii adtnovlcd^ent to the i|n 
eraerpnty roponte center ria the tiaiiHiiwr ijn. 

Sobieqncntl/, trhoi the KBJ 14J it in the teek ttitt ijn. the HIS niir mmm toward the target tKatioii eitimate pnmdcd. 
Rote tttit it ii likdr tlut the lltrn not bitiany in direct ipal nntaa vidi the tvpt fft. ^cccrdisfly, in the tcck itite 1711 die ^^^m^i 
itcpi mj be, for oani;^ perfonDcd: 

^1) ]k katiao center 141 or the enKrjencjf reipoie center niy inform the tirjet ftS. via the fiicd kutioo toe ttatim netmrK 

n lower Eti thrnl»]d tm lofc hind^aiid it icatt penoficaliy boott in loacioa li^nal itrcngth. UiTitioially, the Qrjet ma/ 

beiDfonacdtiitnDfortlicpilotdiaiindoftheHlti4l. [Note the actitnt here are ne^actioiisperfonDcdtiir the tUii4l in the 

*!cdc nate'; hmrer, thcte koxa are li/cn here fir iliritr and conipletcneii.) 
gb) Hepcatedir, ai niRkient nev K locitiiin infttmition ti arailible. the bation coiftr 141 providci new Ixition cttiniatfl to the 

M 14J via the fned totion bate itation itctmtt 
Ot)ThfflIirepeattdlypr(ffldtithertBloperatorinthiiewtarsetHSIocattflnettunate( prtded tnbttj ntiaBr by the foattos center va 

the lacd loatioo Uie nitton network 
(}d) Ibe m 14I repeatedly attenipti to detect a itjBal ^ni die titjet flS tiiB(E the f H code for the tarjet Hi. 
(je) Hie m Mt repeatedly cstinutct itt own location (at a other ititet at v^. and rHCtm m location ettimatct Itoni the locatisn 

hsimi that the niS 14^ and titjtt n\ 140 detect one mother (which typically ocan when the tw» eititt are within .t; tt } milct 
of cue another], the m mm a centictttate i/ii when the tatietffi 14a entcn a toft hand-off itate with the KtL AccvrdingV, in the 
aintact ttate the fiiSiiwiqe ttcpt ire, for exunidc, perfMiat 
(4i] Hk Kli 14! rtpcatedfr ettcnates iti twn Iwation. 

(4h] Rqieatcdly, the location center 142 pmtdei new tnjet tIS 140 and lootion eitunatei ti the HIS 14^ via the fixed bcation bate 
infristntflitrtDetwort 

(4c) Since the HSS 14J it it leatt In lOjt bantNT with the tatjet n( 140, the K!S can ettintate the direction am) dhtance «f the tirjet ffi 
ittdTitDii, for com pie, detected target ns ti^nal ttreii^ and TOA at at nsiqf any recent locatioE center target ftS bcatioa 
ctttmatei 

(4d)Ihcnni4jtcpcatedlyptovidcithetl!SopcntorwithDewtarsetKii)(atianettjniattt pnmded ntinj tocatioii ettimatet 
prmded tiy the itieir and by the location ctimra thelaed lootion bate ititiui nctworl 
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Hhoi tfic tJijtt Hi 140 dctttti ttiit tht m pitot thJimd h itiffidtiitly itrDits. ttit tajjtt ftS may iwM ts mini ttw HES n iti 
primary bist nation. HIioi tliii ocain, tiit fliti tnttn a timtnil m jja, ititrdn ttit ftUiiwii? ittpi m. for aamplc, ptijornicil: 
[ja] Tlu m 14I rcputtiHr atmta in own lotitioo. 

(;b) Rcpfatnfly, ttic locadoii toitcr 142 prtniltt on cit|ct nj and nii lontion fiticutn to ttic HBi T4JI na the imti of taic 

{{c]Tlt(nilh42flCiiiiatQ tiKiliratioji and iTisQiicctrtht target MO it»lfU!ini,{orQaiiiplt,dctmfll tarjctftist!|Di)[tm#aiii[ 

M K id! at iiiiqe any rctoit loGUioo (oittT Qr^d Hi foatJDn stiinatti. 
fed) Hit flBS !4i rtptatctfly prtviilti tttt fl!S opoitor witii BOf tJijtt US iDaticn titiniatti prtrnW Biiaj Hi loatlon otimatn 

providnl by tJic HBi itictfanil l^yttit loation trntrniTOtlKfiKil lootioii taie mtion nttmrt 
1 0 (5c) nic ftSi Hi btconici tbt piniary Imc iiatioii fiir tiit arjtt fH 140 and ttitrtfort tmitroli it kast liit lijiHl itrtngtti outpn by tlit 

tatjttns. 

HoK, tlKtc on b( mm tliaa one HBS 14! tnddii; or tocattif an ttt 140, Ibcrt tan als* b( non ttian one atjct fli 140 to It tradd 
connrTcnttir anilciditatjctKibcinstiactoliiiaybcitatiiiiiarytriiiDnit;. 

KtSSukyttcmilrclittccttirc 

15 ibiHBn4jni(insrpalchata(tffisticilataibrloatiii;tticf1ii40.I]Kni&t4jii]iyoK 

dtttmininf wfttttKrjjira ijjral from tlic US H a "dirtct ihoT orai miltiiHtii lipia!. Ibat ii, in ant tmbodiniait, tlit HII14I itttmpn ts 
dttmninc or drtw wfttthcr an Hi ligiul tranimiiiiMi ii tHdvtd dtrtttly, or Klitttitr tt« tniKntitiira tw btm rtflctttd or ielltttel Tor 
tnniplt. ttK m may (flttnint vMm tiK nptcttil ligna! itrtnpli, and M m« in diitantt fltiraatts (iir ttie US i^snal tnismiiiiois. 
Ilott, other tipiil dtarxtmitia may aho be tial, if tlurc arc lufliciait clcaronta and prooiiiii; available to the MSi 14J; it, docnniniii; 

20 it^l plui( init^or polarity s other indiationi of rtcciviiii a 'ditta ituf ^lu an nS 141. 

la one onbodiniait, ttteniSt4l(ri;.Ti]tn(hdeianflBS conttcDcr ijjj for aiDtrolliii; the loation capahHtiei of the lISi 14! . In 
partiCDbr, the HIS controBer i0j tnitiatci ind controls the nn itite daxsa n dctcibed inrit]i.iUdttiiinally,tlitKIIS[introlleris3jalit 
anmniiitato witli tlie iration controlkr isj^ vherm ttiit latter controller Eontroh Hfli icHritiet rctattd to KIS location and tatjet HS 
loattoa. Ihe batiOD (ontroDcr ^ jma lata input Iroin an ereirt generator 1^7 ta jcnctitiii; event retordt to tie prmdtd to tlie 

25 ipQtion controlier f«r enmjde, records may be generated fsm data input nsM (ton: (a] the vehide iMement detector ]^ 
indiaii? that the HJS I4i hai njowd at Itait a predttembed amwnt in4/)r hat (hai|;ed direttioj by at icait a predetmnined anjfc. or (b) 
the HJS lisnal procsitn; uibtysttm 1^1 tndkadi; tiiat the additioial vpa\ nteanronatt dati hat been rccetircd fim other ttie loation 
center 142 or tbc taijtt t\\ ]p. Note that the HIS tisoal pmcDtiii; mbtyitcni 1^41, in one enboditneit; it limSlar to the ti^ ptiKeiiiri; 
mbtyitem mo the toatioD [enter 142. may hire multiple comntand tchedolen. In (tatttcnlir, a idiedolcr 1^ for ommandt related to 

30 (onmiinicattiij; vith the totim center 142. a icheduler 1^0 for ammandi rdattd to 6lt corainkatioit [via fiPS receiver igi], a tcliediiler 
191) fit command! related to the frcqoeixy and pamtarity of the reporting of HIS diangci in dtrcction ind/or potttion via the HBS dead 



71 

rcckmunf obiyitm (itotc ttut tliit vkUa it pottiniallr opdoiQl and that ncl) CDnnnandi may be jimviilcd dirntl/ to the 
dtailrctktDiiii ottnutpr ml ^ » Ktictfiifcr igi Ibr aramiiiicitiju wtii tJit tarjct Hi(i) ho boflj Iwtri. forthtr, it i( aiiunitd thai 
there it icffiticnt hariware aud^trr wftware tp appur n pfffm! CDmindi in dtfftrat Ktidlnlm nlNUntiilly oireciifTaitJj. 

In order to display an m (ontputcd hntion of a tarjct m 140, 1 nation ofthe HIS tmitt be tnown it dmnnincd. Hccardhsly, eicli 
5 UBS 14! hai 1 plurality of kntion eitintatitn (cr brreiiiifter ato limply referred a at locatHn etinawt) for detcnnioii;; the loation of 
the nitL Eicti tudJ bxarion ettimator itiniputH ntS iDatioit tnfDrnntion tncli at baM cttnnirct. dianjet a M loatiiin tttimaKi, or, 
an HSS Ratios (stintator may be an interface for te^erin; anl/or tranitatini t prcvioiiilr (omiutei! t\tS loation cstiiDite ioti an appropriate 
Ibnnat. In partioilir, the m iocatiiin inoduic T^b, vtiicb dnermies the IrattEin cf the KIS. pay Indude the foDowtn; nil loation 
ettiraaton 1540 (alio denoted luierine Iscatioit ettimaton): 
10 (a) a fin hKation euiraator is4oa {net utdiraliiaily tbovn] for amputiti; an HEi hntion cttunate mini fin tijcuh, 

[ti] a kntisn center bQdon estimator isfob (not individually shown] for hGlTerin; and/or traoslatiii; an M estimate rcceiral h^iD 
thcloatioacenttn4z, 

((} in M operator laadon estimator }^ (not uidiridiially shown] for tmlfcrhts imt/v tianttatin{ mimia] i\tS loation entries 
rttwed from an M loatioo operator, aiul 
15 (d) in tone KlSenibodiicots, an US kntion eitiniator ]{40d (not Infn^aRyshfwn) for the ictrratiq; and deleting 

Hotc that, in h{[h molttpath aren ami/or ttationity bate ttados ntaipal (werap irtis, toth low cost kotioo bate itadont ip 
(US) may be pronded vhoic iDQtion art fixed and atturatcly predetermined and vtxK signah are tubttantsalty only recchntiie 
within ardati¥t[yimallnnse(e^., MOO fett),therai|jepotentjal!ylieininri^ toniniiiniatins vith the Lt Vt 151 
ifirecthi, the m 14* maybe aKt to (oitkly me the loation inftirmatioi reiatinj to the lomion bate ttationtfof dtteimim'njits 
20 location by othtfiljnaldurartcrKtia obtained fi:oni the LBSs 19. 

Dote that exh ^the nst baieflnc hntion csthnattrt 1J40. luth at tbose aborc. provide ai actual m bKation rattier than, fiir enmple, a 
cbaiue lit an HIS teatum firther note that it h an atpcct of the ptetoit invention ttiit add^l m baieOnc tratioa etttmiton 1S40 mi/ 
be cati!/ tntejrami into ttic HIS loation lubtyittm ];<it it ntch batehne loation atimattn become ivailaMe. for cample, 1 baieline baton 
ettinutor tiiat recchfct fin bation estimates from reflective codes prnided. Ibr enniplc, 00 ttreett ir ititet tjgni on be ttiaij^tfbrvardly 
25 bcorporatcd inn tite HBS loation tubtyitem 

Uditkinilly, note thatapliiraiityofrilSloationtedinolo^ and tlMtcorrfi^^^ HIS loation estinuton areitiOuddiiestiK 
^tliatthere it aitrtntty miiiiflc loation ttdtnoli^ available thatis both stilfititiitiyfnt,iccgntt and Kcettible hi tubiantially aQ CetTaint 
a meet the barton needs of an fl!i 14*. for example, in raanf ttnains 6PS ttchnolojici may be oflicienay accutatc; btmwer. 6Pi 
technolo^: (a) ntaif nijutre a rdattvdy bn; thnc to provulc in initial loation estimate [ti., grater titan 1 muntes); ^) when fiPS 
30 commnniation it dtttutbed, it may rcipiire an ttriallr loit; time to pronde a new loatbn esttniate: (t) donds, baibuts anit/or momtaint can 
irevcnt loatioo ettimatet from bdn; oboined; (d) in tome oui li^l refiectiont an tubttainialty iai a loation ettimate. At antittter 
example, an Hli 14I may be able to nte trtaitcnlation or tntateraGiatioa technobjiet to fbain a bation tttunatc; however, tiiit atomet that 
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ttitrt ii tttffidcBt (fiittl batioii) in/rntrathiK !S covcrast in tbt jra ttit HJS is toottd. fiirtlitr, it ii wHI kim tint tlit nralripatti 
phatDinciian m MxMf Smn nth iDQtioi stiniatti. lint, Itrr la NEi 14I n tx hi;iily tStam in mei tcrraim, in M ii prtrndcd 
witti J pltinrity jf locMion ttchntlosin. tsch nipp!yiitj 10 K!S kntiwi cstimatt. 

In ^, nnicti 14'ttK iixltitranrc of the Icatim otjinc ijq catibl k incotp^tcd inn in m fa mmpK, in tome 
anbodtmaitl the KBS 141, tit bZmi fOKt mj[ may bm itmiiar kotion moddi utcorpontol into tlx KSt 

[1] 1 vanation of tlic TtiO fDtt )!i4 vltcrctn TOil lipah fna ccninninlcanits died liKation Iti'i jrc tctcircd (rii the KBt 

initstcivtr 1^] tlic nBi mil uicd for primfui! 1 loQtNin cttiinatC: 
(bj 1 Yination t{ th( artifKial ncoral net bitcd FOKi 1124 (or mn Ecncnliy a tuatloi Icamiiic or a disiifkition modd) mar be 
Hied to ftnrvidc m iDQticn atimito m, for aamplc. learned aiuKiawni betveen M loatloo !J tignal (haraaeriitia 
and^phicloatioDi: 

[[) an LBS loQtioii fOH 104 fat proraft? in Ml witJi tlif atelity te wirate and ieactiratt LBS'i to providt (poiitwe) m 
hmtioB cstiniattf at tdl ai ncptivt t% loatton rcflom [i.e., npisa Mtcre the HJS h aiftdy to Ik tlnte m or more 
US't arc not dctcocd lir the MS tnnstcirer): 
[d] one or more MBS loacion renonipj uenn aWor a loation ntiniate boiriitk ajcnti {or rciohrin; MS iDQtloa cttimatc 
(onfiiai and proviiTiii; peiter HBS bation estimate Kcatacy. For onmplc, tnodulet uinitar to tiie analytial reaioncr 
inoifiilc 141b and the hiitoriQl loation renoRcr att\t 1414. 
However. Tor thou MS loation model) K0wi ammoniation with tlx base ititiro inftattnictnrc, an alternative tmbodiment ii 
to rdy 01 tlie loarion tenter 142 to ptrftrm tbt ampotatiDm (or at leait wnit of thee KBS f OH moddj. Hut ii, lince each ofthe MS location 
moddi nioitioiwl inunediatdy itore reijiiire tomnniniation with the networ); of fixed location BS's m (iji), it may bt advintagtoitj to 
traoimit KBS location ettiraitinf dan tt ttie bcation Mtr 141 ai if ^e MS me another ffi 140 for the loation center to locate and thereby 
rely on the location otiiiiation apalitiQ it the location (enter rather than dopDcatc nch noddi in the ftBS 14J. Ihe advmtigct of thti 
approach ire that 

(1] in HBSii IIMt to beibic to lite kft apentn procsiiii! tm ind uftwire thin that of the location center; 

[b] in MS ii liltttr to rcqiiire nbEtanttallr Icii memory, part^ 
ill fin be diffliied farther below, in «ie embodtraeiit of the MS 14*, there ire tonfidenif irahiei aii(EDed to the knadoni oatpit by the 
vartoof loQtion ettimaton 1^40. Thui. the confidence fitr a mamal entry of location data by an MS opentor may be ratel the hifbctt and 
fiDtwed iTf the confidente for (any) 6PS location data, followed by the confidence for (any) loation center loation 141 ctiraatei, fullowtd by 
the confidence fiir (any) loation atintatei ostiig osnal cbincttrimc ilata ftm LISi. Ilovcm, such prioritiiation may vaty depouTu^ on, for 
imtantc. the radio coren;e area m. In an one cnbodinKnt of the pretent invention, it it an aipect of the present invention that for MS 
loation data received from the dfl and loatioD ttoter, their CDnfidento may vary attordinj to the area in whith the KBS i4i resides. That is. 
if it is known that for a ^ area, there is a rosonable probabilitr thit a 6PS signal nuy sslTtr noitiiath distortions and that the loation 
center has ni the past provided reHible iKition emmates, then tbt confidences for these tw Ixation son rets may be rerened. 



1o m (ratadiniait of tilt ptocnt tDvcnion, UBS tpcriton may bt rc^utitcil n ocoiisiull/ raamuDy tnrtr Hit IxarioQ of the nSS 14J 
m ttic riBi ii itatiooary for dtttnniniiii iiul/or alilintinj ttit Jccnraty of nrinii m loatioii ntioaton. 

Thcrt ii in addition tiDp»tBi!t ma {tflxatioo infomatkm firtlic nEii4J ttiat ri incorponttit into in Hnnhtdc [mcli at a 
poikc nludc) ttut tiai no mfinW fiinaionality in ttx nccvort of fital lotatioi: BVt. That ii. tbc nn 14! may hk dndrnluHiin; 
infbnnatitn provulfll by a dculrcctoniQi HBt laQdoa etimator 1544 vhcrdiir tiit nil niiy otioiD nCS itcailrcdionii^ loation (hanjc 
otinata ilctoririnjiy, ttit iltaJreclmiiiiE HBi teation otinator t^jj may oit. lor aamplc, in on-boanf sirmjt lyo, a wtitd rmtion 
ratasDrtiKDt dtnic {ii. odonwtr) 1554, and oprionally an attttcronitttr (not ihownl Tim, sidi a dcaircdconiBE MBi bcatjon atiuatm 
ijHptritdicalVfTfvidaatkajtHISfistanctinddirtaiDiialdatardittdtsKBS miYtintnti froi a noit rttoit KBS lootion otimatt Hcrt 
prcoiHy. in ttie absact of any otte nw UBS lotatton iifonnation, tiic dtairctltoiiinE m lootion otnnaBr 1544 mtputi a itrk! of . 
[ionroKnti.iliffdnta(hffldinit3nirmctHanwiniattdcli^ ia ttit poiitioai)fthcNiS]4«bmranrtiin«t input 
tiniKaiiip and a doictt M prior to tiic tiraoHmp. wlwrdn a prtnni dcadrcdcsninj tmniiatcd. M, cads dfaJrccltoninj location diangt 
otiniatciiidailattic^MiKficldt: 

(1] ail ' wOca tiinatainp' fidd for dnienatiri; the natt liinc idn tilt dndrcdcon*^ joation dnitst atiniatt mmm 
mvijH 1 change in ttic lootioii of titr KS; 

(b) i 'lamt timtitinip* field ftir dotsnatiig tfic oid tnK wtai tlit dtairtdtoni!? loorion ttiaiijt tttiniatt ittpi DiasurtuE a 
clunjtiathtbationeftiitHBVaiid 

(c] aiiHBSkitKt«ictian;tytttor. j 
Hat ii. the "latot dnifltiiiip* ii ttit tiraatanip Input witti a rtijufjt for dtiirctkonins totion dita, and ttit 'tailitn tinttjtamp- it tftt 
tinwtanip of ttitdottittinit. T, prior ti tlic tatnt timtarap, (rticrtln i prtroaidtidrcdtonins wtint tiai iti a tiraatamp ati ttmetpatto 
I 

ftitlw, ttit frtiptKy ef well ratiiurontnn prondnl by tlit dtidrtcltoniiis wbiystcni ipj may bt adaptivdy pwidtd dtpenfin; on tht 
ftkidty the ms 14J and/or tlx ciapud tiraciiote tht nmt mcnt m loatioD npdatr Aaordiitgly. ttit arthitcourt (f at Icait toiDt 
tmtndimtntt if thtniSIOQtiDii ntKjntcni i{ot nmttbe ucti ttiatit anntiGu Ridi dodrcduininE titftnnatim for titunitiii; the loadon of 

lo ont tnbodinitnt of tilt m loation ailiirfttni ijoi dtitribtd □ farther dttail htrtinMoir. tiit mtpntj fnmi tht dtidrttltonli;! fl!S 
location cidinittni44 art Died ttipdironiit KBS loadon ndtnattifroni ffctnt fttihJK&ieloatioD titinatoii Ihitii, lUictsidt a 
dtadrtdainiiu onjBt may bt rtijuflted fir mbitandilly any time (roni dit dtadndtoitinj Ml loation tsnniator. wdi an wtiwt can be 
rapiHttd for tubitantiaHy tiie anie point b to « riit otairTtMe of die lipiah from irtitttii new KIS baieTioe batioii tflimatt B derived. 
HicordinEV. dkIi 1 deadredctniiij ntpQt an be iited to npdatt odKT tin loadon tidnutti mmwf die new tlBt baieflne loadon tidnutt 

tt ii airantd dtat the error widi dead rtthinit? Intrtaiei witti iftadrtclciiniDj dittimt. Accordingly, it n an aiptct of die enibodmient of 
tht flBS ioadcn miiyittin jjoi that wtiej incrtiwitatly apdatinE tht lootioii of the tlBi uji mii? dtadrtdtoninj and applylRf deadredwnini 
loation diaitp estiniatti ni a EI^V arta' in tiie fISS 14* ii 



liic cnljrscinoit of tlit irta it istd B ictmnt for tiit inaccuraqf in ttit taiimm npabitty. Itott, limmr, tliat tiK dtadmtonii? HJS 
todtkin Btimaw h ptriodnlly ma » tiiat ttie error Jtnumilatwn ia iti wtpm an bt dcatJKi. lo particular, ratli nsatii? mn when 
ttot "m Hifti pmtf ttiit the kntioD of tHe MIU biown. For eoniplt, the Headrtdtonii^ HIS toa&n estimator nay be rttet when m 
m operator nanniliy tnten an m luation <r Ycrtfiti an HBi locatitn. or a cftmputcd m hxation liai utRfdendy liijift (onfiileiicL 

Hut. due to the Hit i4j Isavinj bt aroiratc bntioii infortnatioit (tHtli abnit iQdf and a tsrjct 140), ind farther that deadrecbnin; 
information pit be utiliied in nuintainii? UBS battoo eitiraatn, a fint tmlnnliraent of the Mill loation inliiytten iithitetture h soiutwhat 
dtirerent froo die loatian enjiue 131 ardiitetturc. Ttot ii, tlie arthirttmrt if thii fint eniboffuiient ti limpler than that of the artfiiteOiire of 
the IrafloB tnpne iji. However, it important to note thit, it 1 htjh lereL the arthiteaure «f the loation engine iji may jHo be iKfied fiir 
provhlln! a leeowl einboilinient oftltt KtS bcatton sibsyttera ijoi, ai one ildlled in die art will jppredate after reflectins on the irdiittttura 
and prwesii:? prowled at an m 14*. fw emple, an HBS bation wbiyitem ijoJ aretiitectiire may be provided that iiai one or more first 
order modeb 1214 irtme ootpat ii mppried to, for oanpte, a btatkboard or apert tpten fjt rcwMns fllS bation eitinate toifiiai, nich an 
irihitetturc bdn; anatogotii to one onixKliniait of the location ei^ioc ^<^ arrhitcctutt. 

fiirtiiennore, it H aho an iraportant ajpect »f the jrcient BivtBtioa that, at a high level, the fUS location nbspteni ardiitetmre may ilto 
be applied at in alternative artliiteanre fiir the location orjine iji. for example, in one embodiment of the loation ei^iiie iji, each of the 
fint order modeh 1224 may provide itj US loation hypottwH oiitpiiti to a cotreiponfii^ location tntt," anakpii to the UBS btanon tn* 
dewibed herdnbdow, and sibtei|uentty. a niMt likely NS airrent loation estiiwte miy be developed in a "ctineiit loation tiacT (iho 
dewibed herdnbelow) iiiite the roost recent tootion estinate ht other Iration tncfe. Thui, the location estunatinj models of the bation 
tenter iji and tJiosetf theWi i4i are may beintcrdiuijed depeniins on thewhereit is deemed most appropriate for mh each tiich raodd to 
reside. Iddtttomlly, note that in different etnbodimenti of the pesentimention. various {ombinations^theto^^^^ 
architecnireamj the mobOettatkin arthitetturt nHybentffiied at efdier the loation {enter or theHli 14*. Ihni, by proriiinf rabsiantianyall 
loadon estimitiii; compoattonaj moddi at the batioi) caiteri4i, the modeb doaibed here ^ lotatiit; the fUS 14! (and equivalently, in 
EKorpotitcd ttS 140] ai be itscd for loatinj ether KSs 140 that are Ic apable of snpportiiiE innuniiwn of wirdess signal nteasnrenm that 
rdatt to modeb repirio; the additiDfial dcctrtnia milable at the flSS 140 [e;., 6K or other atdlite ^b used for loatioii). 
■ further, Bte rtiat the ideas and methods dbcussei hete rdatinj to m lotation estimatoti w and HJS loation ttadts. and. the rdated 
programs herdnbelow are suffitieDtly jeoen: so that these ideas and iMhods may be applied In a nrnober tf mm tetated to detcrmtnii? the 
loatioit If a device capaMe ofimvcraent and wherdn the lootton of the device tnust lie minitahied ui real time, for mnple, the present ideas 
and iwthodi may be Jsed by a robot in a very duttered ernironntent (eg., 1 warehouse), wherdn the robot has access: (a) ti a jJutaEty of 
'robot loatiOB cstimatoti' that may provide the robot with sporadic loation infonnition, aisJ (b) ti a deadtedtonhij loation estinator. 

Each m Mj, idilitionalty, h« a bation dbplay (dcnoMi the niS operator vbiiil user inters rj^t b fig. nj where area maps that 
may be dhptayed together «th badoi data, bi particniar, MS loation data may be dnptayef on this display as a nested collection of areas, 
each smaller nested area bang the most liltdy area within (any) cMmpassuig area fcr kotuij a target HS 140. dote that the «!S controller 
algorithm below nuy be adapted to recdve loation center 141 data for displaying the loations other fUSs 14^ as wdl as target fUs 14a. 
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hirtlicr, tbc M t^J nay mrm anjr bacion (ttimatn n itrccti oji i itrm m '^H t^c KIS bation tiup to ttrcct ntnfulc ijiL 
for aam^ in Ktiiui ttd tlitt bcitiitii mrt on i strtct man be 'mjtei to' i ncarnt ttnn bcacioa. Note that i nearest itrcct bcatiro 
d^incr nayotc 'nonnar orientationt ofTthida to (tr«t ati utntniitt on tiic otarotttrctt iocation. Fartkiilirlr, ifan KIS 14! it 
Dovinj at tyjiial ntn of ip) and aHdoition, anil without chattja direction, for oainiilc, if tbc dcadrcctoniiiE rus loatsn 

5 Dtintanr 1^ indiota chat tht HIS 14! ii lami in a i»rtlicrtr dittctan, thco tbt itittt uiaf pcd to iticiild be a intrttKoiitb mm tttKt 
normcr. the Hti location imp to itrcet m»ltilc otir Ik nttd to cntiancc tatjct fIS focatioii QCinatn vlicit, for aunplc, it ti Itnovit 
ft mpntnl that tlx target FK 140 ii io a vehideand tiKYdiidc ii ntoviifitcypiai rats ofipetd. liittbmnorc tiic taap to ititct hntion 
Mttiic atf alio b( incd Id aihanciqf the kKacni of 1 tarjct K 140 by cither the fUS 14^ or by the location en^e ijf. In Httniir, 
tbe ioation estimator 1J44 or in iddidonal modole between the location estimator i}44 ind the output jatevay may otilizc an 

10 einbo(riinentoftliesnaptottrettloationnMdii1cisiitoenhai)cetiKiccuri(ynrtatjetnSi4 

(cludet. note that tliit may be apetiaRy itieful in loatiq;' stolen rehidci that line embedded wireleii t«attini tianscchm {tVA 140). vliereia 
ipprtprtace srirtleti tiiiial raeasurencnts can be provided to tbe Ixattui center 141 

KBJDataStractiircktnarb 

Asnimin; the ocisttncc ef it least tome of the Ioation cstiniitots 1^40 tbat ivtre mentioned above, the dhaission here refers ttibstantiilly 
15 tt the data strntturct and their ftptuiationaiilhmrated in Tit ij. 

Tlie location citimatn (or hypothesa) for an nti i4j deteminicj its m lotttmi each have an error or r^n^e estimate associated with 
the flBS tatira eitimite. That is, eadi such HIS Iration eitintite inttadei a "moic lilcdy ftJS point location' ivithin a 'raoit likely at ca". fhe 
'most Kkely flits point Ioation' h assomed herein to be the ctntroid tf the 'most Bkdy ara" In one erabodiniait if the ftIS location 
snbtytttn ijo!, 1 oectcd (tries of 'most lOiely aroi: toiy be povidcd ibmt a tnost iilicfr m point botioiL Howcrer. to slmpTi^ the 
20 dhnrssion berctn each ftn location tsthnate Is nsnntd to have a sin^ 'nwt litely acta'. Ok sbUcd in the irtsviH nndentand hov to pfidc 
tnchnesccd'nKURItdyircas'fiiiinthcilcicriptxin herein. iUl[tionally,itlsassaniedthatsnch'nostEke)yareas'arenot|r«s)yobloii!;Le., 
area cross setttonlq; lines throofh the ctntroid of the area do not hare brjc differences in their lci#s. for cnmple: fiir any snch "nmt Eety 
area'. A, no tw snch cross sectionins Una of Athrmjh the ttntroid thereof may haire knfths that nry by more thai a fetor of fivt 
Each His loactoo estinatt iho has 1 coi^jeme jssociared therewith pmvidbt! a raeastirement of the perceived accn tjcy of the MRS beinj 
25 in the "most likely area' of the location eithnatt. 

t, im] Ioation tradT ii an data stntcntre [or object) lim; a iincse (f a predetermiiKd for maintaining a temporal 
(tHnestamp) iiMi of 'batioa track cntrict' snch at the Ioation crick entries rjju. i]7ob, 17743, 1774b, 177^3, 177^1, tjbi, r7Szb, and 
ijS&a (ft;. ij), vhereut each snch HKS bation tnck entry ti in csttmaa of the hiation of the MIS u 1 parttoilar correspondtiu chnt 
Th^e is in MIS location track for iRrriiie HIS Ioation entries otnained frani HtS Ioation estimation hsformatun jron each of the HIS 
30 baschnc loattoa eitinutors described above fLt, a (IPS Ioation track 1^ for stonq; KHS Ioation estimations obtained from the 6I*S battoi 
estimator 1^40, a Ioation tenter location track for storin; HIS kation estimationt obtained ftom the ioation estimator i^o derivioc its 
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lotarton ctmittj from tlit lootion coiRr 141, la IK loation tnct ijjJ for itorinj HIS Iration nttiDatioiB otainn! (roni tiic Iraoon 
otiUBttr 1441 itsm if H!i Iwdsn otiniatB froni ititioiii m ioA/w tji, nut j nmnial toatiwi triA ijii fcr H!i optntor cnttrtd 
flJSIratioiB).AiMir»iiil|j.toiioKfiiiTlitrloati5ii^ dtnotal ttic'niiTaitliiatioiitiitrijfciwtffitliiatioiitrift am nj/ bt 
ferircd frum tbt cocnn in the other bianoa tncb (damM ^rtbo- hcrcintidowj. fiitthcr, (w och batkm tnck, thtrc it a loatiDn tndt 
iicid tlut n the hod of the ([091! for tht batiaii tnd Htc Imtiiia txad h tlic mott retoit (mil poimVii the mott aonntc] fUn 
bcatkm sdmatc rctidin; b the batisii tncL Ttnt, for the loatioii tiKjt 17^0 Iw loatios tntk bead i/jo; ttic totion cater kiatuii 
tndt ijS4 lut iKUioii tndt beal rj;^; the US batnn tratk lyji hai IxatiDii trad: head Tj}t\ the iDaimil loatkiD tnd[ hai kntjon 
tmt Iwd ijb; and the airrent hKition tn4 rjii h« lontioa tradi head r/ft. Mdttioalljf, (or iwtational conraiitnce. fir eadi Iratwii 
tndc the time icriei of prtvimi! MIS batira etthnadom O-t., batioii trad; tntrin) hi the lucatioii tradt will herein ht denoted ttie >th (or 
the loatiiin tndt' Snth patiB are typiaHf the Itnjth of the loatioa trjdt (leiie toittainh? tJie path. Nott tha the lengtliifeKh Mdt queoe 
majf be deterained 8iii« at leait the mm tPiBideratioB: 

()) Is ccmin droinHtincci (detoibed hcrdnbdmO, the hntiDn trad: ottrtei irc ronaml fna the head of the bcatton trad: 
(ptnei 10 that loation adjumnenti nuy be made. In tncli a caje. it nuy be adnntagcom fi? ttic ten^ of tudt t/ma a be 
jrcattr than the mimbn of cntrio tiiat are opcotd to be ronovcd; 
' (ii) hi detcntnii); an HIS batioii cttinute. it may bt desirable in lomc enbadimenti to proviite new loation ntintatef baicd on 
pathi issodited vitii prerioof Kit loation estimate! pronded in the correipondiii; iondon tmi pcor 
AhonottthatitiiwthintheKcpeofrtieprejeiitiDKntBn tftatthehiadontrsltiiiieuekiisdiinijybealeiiptiofone. 
dcjannnE Iration tJidiendTei, each loatioa ttart entry tnduilcfc 

(a) a 'derived badon cidnate' (iir die HIS that ii dertml ntin; at leait one of: 

(i] atlaitamnt recent prcnotHottpiitlroinajiHjSbate&it tocition cittinatiiri{4o{Le.,tbcoi]t|ntbein;iiiK!( 
kiattoaadinate]; 

(ii] deidredcDniiu output htfotmadoo (tnis thedeadrcduiniii; tobqncni 1^7. 

Further note diat odi ntfut (roni ai m locadtn cttintator hat a 'type' deld diat ii nKd for tdeotiiyiii; the ttlS loation 
ttdnatornfdit output. 

(b) aa 'eartieit ttinettioip' providiiiE the dmc/date when dte earlist HSS hicatian hifbrmadoa npco vhich tiie dertred Ixatioa - 
adraate for the HIS depend!. Itote tfiH wH typicaDy bt die firaeitanip of die tartlKt HIS hwdon eitinatt (Ironi aji HIS 
bndine locatun cidniator} that ttp^ditd HIS bcadon tnfomiatioii med in Icrtriii; die dcrircd hiadcin atiniatt ftr the HIS 
14*. 

(cj 1 latot ttraeitamp" proridiq; tbedmc/datevhencbelatfltHIlloatkniinfiinnatiitnipnivhichdit derimi loadon 
otiniate (or the KIS dependi. Hotc that eadiett dmettamp = bteit timeitamp only for so called 'bntluie enttiei* ai 
defined hereinbeiow. Farther note that diit attributt ii the one used for pahiainio; die 'temporal (drantainp) onlerin^ 
ofkiadontrad:cntriei. 



(d) H "itadrtthmiiu iiitaiKt' iiuliatinj Hit tml ftttJKt (c^., wbtd tuno ir tdoinctcr diffaentt) siact tbt imt ratntly 
liriTuiatbaieliccimTtifrttHCDrrapoDripcrtBSb^ the loQtBiitnditavtiiclitiickiatkin tndtoinr 

rpr each m kotuo mcli, tiicrt ire tnottsonei ef HJS loQCipn tndi torn tiaxmfit tntcrttd isto i HIS bation tndt 

(a) TuwRiic* oitiiet, rtoaa ocli ffldi kdinf timr indadti (ileptn^^ cttimatt fir tlit WS 
14J derived fmni: (i) a iDDit recent prrrini mtpat either jrom a urrnpitariiij m lutelioe loaiioit euimator, or ^ fton 
rtit Iwdine mrie of other locatkm trsda {thh Utter m Imn; the fiir the "currenf toatton trade); 

(b) 'otrapoiatHia' entria whereia odi rach eidry indodd a UBS batioB ntiraitt that liai beat oanpolited ftora the (m 
retent) loatimt trid! head fcr rte loation ttsdt {it, lawl on the trid! head wftw "lateit tiinestMij' cniiitdiitdr 
precedei the btcit tinotanip tf the otmpolatiDii entry). Each mdi titnpolation entry is tora[Bttd by minj data ftonia 
relattd deadredunint locatua thmje Htimatt oBtpat Itoni to dtadredMiitE HBS batioi estiniitor m ^ 
deadredumin; tocarion diahfe nthsatt indudo nnnirsiiein! rclami t» dunsei it dcttat in the badon tf dit nii 14J. 
Kiire preoictr, for nch iociditii tndt cadi mrapolitiDn cntiy ii dctcmtined Diinj: ^ 1 baieline entry, and (E) 1 let of one 
or more fit. all later otnirrinj) dodredHiiiinE lotatisn dianst titimatei in inaoiint "tatnt dmcitanip' order. H«e that 
for notnional coimitnence diii ict of one or oorc deadnxionnii lixadon change ntinatci will be denoted die 
'dcadrcdoinrii; bncion duiisc tttimate tct* wodatcd with the ottnpoladon entry rcsnltiiif from thii itt. 

([)llotetbatfweidilxadontiatkhead,itiiettbtrabaidineentryoraDcmaiiotado^ Fnrtfttrjortadiomipolaflon 
entry, there ii 1 nioit recent ImeEne entry, I, dist ii arlifr ttian ttjtatnpolatKiii enttyind it ii this I from irfiidi die 
otnpoiatioD eony wi entapolattd. IJiii tatlitr hasdiiit entry, I, ii hereinafter denoted die 'batdiiie tfltiy aiiociattd 
widi the eitrai»lidon entry.* floreienoilly, for each Iwtion tndt entry, T, diffe ii a iwit rtttntprtwii baieTuie 
atry, 1, auociifflt KthT.vliereln ifT k anmnpeladon entry, tin 1 ii s defined above, die if Th a batcTint entry itself, 
dten T= I. AaonTinily, note diat for eadi cxtrapoladDn entry diat it die bead of 1 loadon d^ there it a most rtcm 
haieliac entry modatcd vidi the octratntitini entry, 
futther, dttrt are tm atijoriei «f lotadon tiida: 

(1) 'baserne lotatioD tratb," otti liarinj basdint entria eichihfcly fran a linjle predeterraiutd KEl baieline loadon ettiniattr; 
and ■ 

(b) a ■tnrrm' MS looritin trad havinj tntriei diat are tonipated or detemincd at "nioit likety' m toatton ttdmato frem 
cntricth] die other KlSbationtndci. 

niSloatanEstiniatiriEStrattsf 

In trder to be able to pptrty umtp^e the tndt headt ti determine die nioft Hkely HEi toadon etdnute it it an aipett nf d>e preient 
inventicfl riiat die trad; hcatfi of aB kwtion tradti iudode m kntioj eidraato that are (or mhnndally ttic tame patttt) tunettintp. 
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Kmw, tht K!S Idomd inftntiatkin from rad HJSluidiK \iiaM atinutor ii mlitreiitt^ nibftintially tnprriktJblt anil UDsyntliniiiiicd. 
In ^. tiK enly m IratiDO infbmtaiiDit that ma/ tw comidcrcd prnTiatilc anil amMt n tht dtadrKbuiiii bation cliaiifc cstimata 
fr(inithtjruIr«lLanii^f1llilDatuiiatiiiiatDri;44intfiatticscntiiiiatniiiay vtieoTrcr ttitrc if a pcry from the 

loQtioB [MitroBer irs fer tht m recent otiuiitt in the (hanje of tht toation fjr the UBS 14J. Oratqueiitly {rtferrinf to F?. 
5 t^mchroniution reconh rj^t fharinj at Imt a ij^ob pottiim, and in m m a)» hirin; 1 i^qoa (uttioD] iniy be pntridcd for npdatht; eadi 
- loationtnd^mttaaiinnoShKatiDaeitiiDittai'iiKwtradthcail. Inpartktilar.eachiyiutnmutuiirctotdiiiiiiideiidcadrnb^^ 
iKUion (hai^ ntiiiiatt to bt ited ui updatin; an but at nioit one of the bncioit trid: heaih vtth 1 new nil loatnit ettimitt hr miii; i 
ilcadrcdutntii; loation thaii^e cstinaK in foiyuiiction vttti each HIS lootiog estioite froto an im tateltne bottitn cttimaior, the Isation 
tradi hndt m) be lyndiroaiud KcotdiiiE to thncitanip. Hire Fredidy, for ncti m location ntiiiatt, I froiD an KIS baidux locatioa 

i 0 estunator, the prnmt iiireation aba mbmiallr tinitltiiKoutlr qucriei the deadrcduinin; MS Intlon otiniatcr for a ainapondin; nflt 
retcst dianje In the lootioE of the MBS 14! Accorduijjy', E and the retrievnl flBS dtadrtduinlnf loatua dtinie nttniate, C hare 
nbttintMly the time latest timesttmp'. Thm, the loation otinatt E nay be gtcd to atatt 1 uw h»(flne tnit bead jbr the locatloo ttKt 
harins the wrespondiriE type fir E, and C siiy be tied ta create a coiretpondiiij; cttiapolation oitn n the head if odi if Oe ether loatton 
traclci.Jlaonlii;!:iy,iiiHefiireactinESIiKation eninutt, [.there isaHlSdcadreciaiiiinjIoation change ntinatt, (, bnin; tubstantially the 

1 5 lame "latnt tinwtainp', I and C ml be hereinafter referred ai "jiairel' 

IfirelQi [jKationAppliationi 

inch ifireloi location appTrations ai were briefly dtJoiW above hi reference tt the [atmy 141 will now be deictibed in fiirrher 
detail. Note that the iolMi^ loation related ifrvicet are coniderd vithut the Kope of the inrcntitn, and nth lervico can, in joittil, be 
provided without oie if 1 jattwiy 141, albeit, t|., in 1 Ohly tiiDre rcmicttd ointen i^icrcin not aQ anilallc wirclot loQtioi) ettiiiiatuif 
20 tecbnupia ire utihied, ind/or by nniltiplyiii; the nuisber of interim to jtoIxatiDO ictYice prcrviilen (c^, diitinct wirdctt loation bterto 
If e proniM dh^ tB exh v^elcn location Ktw pron^ 

In one wtttmrthy roattis jpp&ation. hstth and other penoml lerWce powdtn, wch ai atrto rental ^sm, hoteh, rewm and 
cniiie iKpt may pnvide in hrapenjire US 140 that an bt died snbttandilty only far tontictinj: (i) the penowt joYice, pi) enietjenty (emcet, 

23 ' ud/or (15) rtceivinj dirtttioDi to return » the pcrwnal lenrict. Accoriingly, the HS 140 may be wtlessly toted during opentiom (ID and 
(iti) Tia whdflt comiminiatioRi betirceii tht ns 1411 and a kml connixrcial wirttet icrvict (nuiridtr vherdn 1 rtfiictt tt bate tht HS 140 It 
pronded to, e^. tht jattway 141. and tht f emlth? ftS loation estinate ii: piwided to a piHk afety eratrsency (enter {ti. Ifi) (or 
dispatdlilnj enietjeocy fcrricet, or prorided to a mippini and routvt; tytttni ttch ai prcrnded by Maptnfo or dttdoicd in the leHlanc 1 i. 
pattitipprnt^n|3cdjan.ii,)^)^aodhivii|[UPatentHDJ^b,}({(ift»diiiii^ incurporated heron by reference) in tha tht HS 149 uttr 

30 may bt [tutted Qfe^ ind cipcditioiiilr to a predtttmined loonon of the ptruml itrrict. Note thu data rqiretentjii; tht loation if the 
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ptrwnaliovktcM b( istMiattd witJi m idtmifiaaffl of tteffi^o » ttutfB actinckiD fir (iii) ilaiff rtiulB in inc or tnirr mfu iilil/tt 
ffiHl prtsoitatiDitt (f directioiH for Hirtttii? tbt m to rtmm to tbt ptnonal stmtt 

TJit Mi 140 am) ttit ftS lotatkm (Midinj wthj ittwtt (ti, a CflHi, a Rill tuj or ttit tiittnrt (W] inai afio prwiilt ttit ftS 
tncr widi the itiiEty tp o^ia^ rcpcit to bt mtontialiy (ontunoosly tradicil, vhcron tiK Hi tracKd kncioin arc ttord for laai Vf im 
5 lan'Bj poMdoii (y., tlit mtr, partnti jnd/or Kxm of the nitr). MdltionjIV, tfic Ktucity in(/or apctttd tout of arriral at a 
(trcdttmitinal ilatinatiaii ma/ be imi taiuditiaclii^iJuliiiiybeprivjdnltitticiitrcrliK/hcr aiiocBts (ij., tnploycr, fricoih, 
jnil/or ^itf}. Fotthcr. note that thii ttaddn; and notifiaM tf infonoadon obtained ttierefron mar be proviilei! na i cimnntial tctepltDnr 
or tntmitt oiablHl nobcle ftatioa, or i raobOc itatnn lit operable connnniatioit with a t l»n aeasisii lerrkc for exanplc, tlie ffi 
rtsnterol ma mar proiride pennHiknn fsr tlioie at^ to aacis ludi tiatkiq; jntbniiatioii » that tuch infDmation on be aotomaticaltr 

1 0 proriileil to ccrtH iitotatci and/or pnnrided on rcijoett to ccrtitn isuiditti. MmMf, m that the fU 140 and the fti loation prwiiljnt 
wirdtJi wma raaj also iHow the fK oier tj deaomte nth MS ttatkinj fimctionaBtif. tn one enboflinitu aa flS wer may wmte nch 
irackini for liH/ber Hi 140 ditrin; worlnni hoars and dcartnatr inch tntU^i Airiii; atmjang bm. hart\a^, n tnplo/cr can tiiei 
trade empbyce'i whernboim iforin; work luun, iriiitc the cmploytt it abie to retain hn/her loatun ftmcj when lut Mk^ the 
onployer may be itil able to contact the employee in ate of ui emcijcncy durhig the snjlsyee'i non-vitlchi; time. Itote, that tini ItcatKn 

1 5 apabiliiy and metftod of obttiniti; loation infoncitiiKi about aa Ki nicr vhDc affliriq; prhfacy at other timei may be sieful fer apppriitdy 
Dointorin; in penonnet in tiic aitary, hotpttah, transportation lervica [ni., for toitricn, tin and tixit drfren), ttleconunnnicatioix 
peitonod. eraeqitncy rntiie anil torrectionii imtitirticn perwnnel. fiirther, note that thij (ttettfre ffi loation apat»lity may be peiftmeil ui 
a rainber of wjfi. for eumpie, the ftS 140 may activate and deaohme mch traddi^ by diaEnj a predettmiiMl number [14^ by rainuailr or 
ipeed dtJliHE the number) for iwitthuij betireen wrntjon of a proceii that periodically rtipeiti a wirriBi location of the Hi 140 from, tj., the 

20 katiofl pttway 141 (loa that the reiultini ffi loation infomation may be made irailaMt to other uien at a predetermined phone puraler, 
httcntet addrcn or harhs tuflident raEdation information [e|., a pitmnl}. Altemattirdy, the ft location prwiiTuif melett oetwort may 
an tomatiQDy icttrate mch ns traclaiig for (^cdetcmiuiHl tinxt of the day and ^ predetenniDed dayi of the weet Note thit ttui litttr 
embodiment may be pirtiatlarly uiefiil for both tradunj mpbym, e^, tt larje conttmcdon lits, and, t^., detcminin; when each employee 
ii at bit/her wnt tite. Ihat, in thti embodimcDt, the ftS loation prov^m; wirdat Ktwtr): may proride ditaliaie itonse tf thnei and dayi of 

25 the wel for actiratttin and dewiratiei of thii lefccDW ftl tnttinE apability that ii «teiiilile via, e^., 1 networlt WYice control point 104 {or 
other telephony network tentrol point ai oue ibled in the art will ondtntand), wherein trfeen may be ptwided within the databut for 
jtntntiig 1 network meiMge {to. e^., the pGway 141) requatini the conimencenient H tncMat f5 14« w tSe deactintion of nich 
tndunt AttordinA, the tenihui; fC location hifbnnttion may be provided to an entployeft tradchi; tnd payroll tyttcm 10 that die emftloya 
n itdc to dttcrnnnc dK actual time in onpioyee arrivei u and leaves 1 wort locadM 

30 In anodier roudq; related applkadon of the prcteot invention, an 140 and the NS loution providhif vtretess networ): may 

proride the ns Iter widt ^ocdoitilhy ti renter certain tatitns to dut data repretentui; titdi loation an be eatHy accsied for ute at a later 
time. f(rcQm{dc.dienii40itscrmaybe(tayniiat]botelinanun^irQrarea. Accc^ii|^.utii|; the pretest apatulitr of the iirreittiiin, 
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«st mm ranttt ra hnflw HS 141, that hii/bcr loation jt tbt liotti be dttmiiiiitd bjiH rc^ttrcd u ttut it is waBaNt at a lattr timt fiir 
rrati^E tilt iitr bdt ti tlif hotd to &tt, ttit (itr may liaw pcnonal locatiDB rtpitrationi of a phinDty tf tatioiB in nrirai a'tio anil 
cmntrio 11 that Miot ttavdii; ttit aitr bai wireloi ikhi t» dirtctitni to prtftrrd battoiti am « tiiito (lottL ptfrntd ratmniitj, 
iluppinj irtai, ictnit artai. rouferaui pwDB, tficatro, idilait wtnti, tlrartbti, oitcrtainnitiit otabliitaim, locatiom of Kpalntantn, ttL 
Dott, tfiat fflch pmonal loatioii rtpitration infermatioD axf roidt primarily on tiit aitrf ratwiilw Ktwrt tat opra dif m oitr'i rc^otit, 
tiit/ticr pmonal iHattDO rtjiitratioEi may bt tmmitN to anotiicr nttworkfrDnitiiictitbcgurii rrainii; virdm tflYica ai a roamcr. 
Moraw, any otw loation n^mAm idttioss) may lie tfiipEattd in flit m'\ pmonal rtpstntion (f tlic aicr'i wliscrilitr ncworlL 
Bofcvcr. inHHiiciniBKoaBftSiiitrBBywiihtsrtnianidi rcpitad lKation(enfyttinpi)rarilrwtiiktbcnitr'KinapartioilarirQ;t4.,i 
lirrftttmiincilimiiittffraaitara AcuTfiiigly.tficffiw(rniayiniIiQtt(Dr«[hniayl)ctJicdt&a[t)tliataBW^^ tDotioii 
tt^vxaia b( iniinal for a pirtiailar l«stti(f tim*, anil/or ontS 1 loatiDn ef tiK «er h mtiidt ttit ira to MkIi men ten battoa 
rtjiitratioB appar to be appSablc. Hmwrer, prior n i&m any jodi njKttitm, tlit MS nw iray bt flotritd to tonftrra mtli Utiftiom. 
For oanplc, if ttx ttS tier hat onr tattoi rtstontioni for dK DaDas, Ttxat area, anil ttit m okt rabKipiaitly ttiYdi to Mon, tbn open 
tlx f^t wdat bodoii pcrfornid liy the ntcr tiir litcadoa rtjiimtioB vma. ihcKSmcrnuybtfnctfcdK vhfthcr to tare Ac new 
latlif , ToBi loQtioii rcptntinii ptnnanently, for an partinlar len^ of time (e^. ;o dayij, tr delctt all or tdcctal pgrtiom thereof. 

Other rontiiu rctattd ippGacjom tf the preient indention are liir tcoirity (t;., tracking how do I jet bad^ n iny hotel lafcly), and, 
q., tijlit leeinj gaided tour wtiere the h loterwiw dependii? oa feeilatt (iont oten 

Unsmi DaybcilirectedtoinNiMaicconnoininlKitioiLlDatlattionieitiidieiitK iKTieved that 140 otcn do not 
respond weD » lasDliotHl virdeti adrertttem wbetlxr loation bated or otherm Nowtver, b retpotne a ccttaio nter qacria ^ loally 
araitable EDenhandite, certain jdmtiienienn may be riewol at more friendly. Unit, by aSowini an ttl nter to contaA, e;., t virden 
admtiti:)! portal by niu n ni virdeit Intcnet, mil detcrlbc (cniin pndom or tenrico detircd (c^, ria iottraaiii; vith an aotnnittd 
ipeech toteraction nait), tbt nitr may be able » dctcribc and rcceiife [at hit/her tIS 14a) audio aad/or mi\ pretentatun of ffldi iratnm or 
miccttlmmaygtii^ni(haiiicr'ire4nciLforcianiple,anttrniay(marei[utit'lntedillaM^^ 
hertf' 

to the area if advtrtitlnt'ttK prtient invention tui aivaiit?jet both fbr the ftlow (» weB at tie MrdiM m], and for produo 
and lerrict frwiJtn that are nearby to the ftS oier. Fff imtiiite, an fIS ner may be prwidal with (or reiueit) 1 dttolt let of adratitemoiti 
hit in area irtien the fnosertnim the area, njhten witii a hottlii thtirta, ornutet i pcrthaie in the arta, and/or reipiestj tofiimation 
atiogt J particnlir proAicr or ternce in the area. Horeover, thtrt may bt dtffiirtat ttltoioin of advcrttieiKiiti for tC mm that arc bditral to 
have different demojnphit prtfUa ind/orpgrpneifbrldnjiiittRara. jlccordiitjily, ai wliose kiation it betii; letetmintd ptrfodjotty 
may be monitored by an tdvtrtiieiacEit vizard nth that thti ward may maintain a adection tbt ns ncr't prefercDcei, and nttdi to that when 
the ns met umct near a bntinttt that oa utis^ nith a preference or Deed, ttioi an idrertitement rtlatiiiE to cbc fitKiDment tf the preference 



or DRd mt IK prtienttd » tlit Hi Diet. Hmwtr, it iim Jiptct of ibc 'inraitioii thit sadi prttntiil iiratisin? ptHtntatkmi be tntftrijaitty 
idtaol m « iraidi InfttniitiM ilmtt tbt mo « h milsMt la particular, in out mbotfinicDt of tht invention ttS nttt pteftrtncc ami 
nccdi may bt onlircd joiriiij to impotnntt Hotcow, ndi bkt prtftrtntn and ntttfi ma/ Ik attjoriitil liy ttmporal iraportana (i.t, 
imiit h uthlifll wittiin i partioitar tins lianic, q,. bnttflittiif, today, or fiat raontti) and sitaationil traportaocc wiiertin tiKi 
prtftrtnas and need) in tiiti attprr art let) tine cridcal do not tiavt to utiifiol inniioliattly, jni/or witfitn a iptcifitd timf ptriffd), 
iKt if {tmin oitaia art rattt tht m ml toiiililtf otHfifins tilth a prtftrtiKt or ntcd. M, findinj a (luntie rtJtaynn for dnnct nuy lit 
in ttit temporal iraportinct attjwy irhilc jurdwinj a liqfck aiil a new pair of atliletit ihoo may bt onltrol at ftttJ tee In the itmatHDil 
nttsorr. Atttrdwslr, adYotiwiienn for Oiinae ratanranti nwy k prided to tlK itier at lew partially deprndent upon ttit nit r*) ioarioL 
Uui, note ffltH a rstaarant ii idftted ai ronttnj direoioin art determined, tltea die adrathinj wiuri may examine idvtrtntratffi (or 
other anilable pmdnct inytntorki and/or itrrita tfut ire withiii a predttttnined dittaittt of the roott to ttic rtstannnt fiir ietertMiint 
wHether tiiert ii [rodiia sr lervite atoi? tbt rwtt that m\i yummj latiifif out of the oieKi prrfertncei or ntedi from the lituatisnjl 
iBiportuKt Qtejcty. If », thai the ftS nitr bt may prmidfll with the option of enmininj nitJi prodm or lenlce infonratton and rejittrii? 
theIwtio«ofnitridt(tedliu!inflwptwiIiniffl(liprc(hjmor mice!, toonlingly, the rsutt to tht rettannnt may be modified to 
intorpttnte demn to one or more of thoe lelected boiineiw. Of tonne, an MS nier"! ttnntitnaHy attjoriied preftreoco and need! may aHw 
tilt US nw ti rettire nnrejaeiral advtrthiig iatinj otiitr litnationi at wtH Ttrai, whowtr an US nw h movinj inch an adrertiienicnt 
wiiard [^.. if Jtiinttd by tbt user) may itteapt tmtthjy the HS dKt'i prefereiKej uid needi b/ preitntii^ to the uier adrathtment! of 
nearby mtrtluntj tha appear to bt directed ti mtli Bier preftreota and netdL 

Acordinflr, for MS uier preferentti and needi. tht ward win attempt to preitnt infotmatioB [ti, advertiieraent!, wipom, 
discaint!, prodnct price aad ^aiity arapatBom) related t» producti and/or lervicei that may atiifif tHe niefi tortti|ionifli? prtferentt or 
Ked: (a) within ttie timt frame dciipjttd by the HS nser when idti«ed « (larinj a temporal tonstnint, vd/m (b) consiittnt with limatiroai 
trittria piwided by the fIS nier [ti, ittra on lale. item h loi than i iptdfitd araoont, within a prtdttermuied travtiinE dhtaKt iniVor tint) 
when Identified ai harint a litoatinnal conflrauit HortoYtr, (nth infmuation may be depautait en ttit jeoIoatioD of both tht nttrind a 
menhan^i) turinj aith prodatti inijw man. Addltionjily. «th Infonuatjon may bt depemltiit on a proptied or exptcttd «er nutt (t^., a 
rrattttwirltatrlproatt). Thut,ittni!inthtttmpotalotejoryireordtrtdattordinj how otptinnjt a preference or need nrast be 
jatisfitd, vhile itnm ta tte lituitional cattjoiy may bt mbitantialty Bnordtrtd and/or ordtrtd attordins to deiirableneii (t^, in Hi itier 
niShtmitt) motortydtof 1 paitinilir makt and nHxiura price, wait loew or nart). Howtr.ibttittns in tiit Hnational tatcjoty miy 
be Pitfilleil wbttantially lertndipitoDi drtnnitantei deteoed by ttie wsard, rariciit ottferinji or no ordtrinj nay bt «iel Itoi, t^,. if tfit 111 
nitr traytJi from ok tonratrtia) area to aootiitr, the wiurd may tompire a utw coDettioo rf lIltrt^allt products and/or lervice! ajainst the 
ittrat on an KS oiefi teraponl and litiationil feti, and at (eait altrtjits the HS iier chat there may bt new infomutian available ab«t a m 
d(«rtd lerYice or prodna which ii within a predetemiwd travefinj drat frora where the itier ii. Bote thitsich alerti may be niaal (e^.. 
ttanal, or ianic) dhptayi. or atfio prestnntiini oilnj, t^.. lytheiiitd ipeeth (inth ai "DiKfljiittd tmtwtydei abtaJ thtw bbdu it (yiti 
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Hott that tin ailvmslni uptttj of ttit (roaiJ iiration may \x Btiltitd by in intrilistnt dtttronit ytDw |ia;o iriikh m iitaiie 
ttit Kl Bitr'i bation [kUw anticjpatBl kiatitiii; ti„ tni tn t oaiwayi bf i^j ttamied) ttjttlitf with m pttftrats mil nccdi {ji wtD n 
ttlKT Mttainti) to both iDtt^|;cIUty rapDnil n itift rciptan ai wtll it mdlM antjdpatc m pcSatm mi onlt. k block fapun 
iliowvij[ tiK Aifh Iml anDponcnti of in dcoronic ycDow )ia;n aaoriTii;; b thli upca of tbc jircunt invcnttoii ii thovi in r^. AcconTuisly, 
in one aipcct of thf pmmt imtioiiailrcttiiiiictitiKrilttmiinthatthtflSntcriiilictoidKt adwtijuif bncd oit atttitnm tncii «: 
mdiant pnramity, ttifiic/iiaildni condltiwit, tta ptoihKt/itrYke dtsittil, (ptirity ntinp, prkt, m intrthim prcfcrtntfl, pnnIiitt/ttfYite 
aviilabtlity, mfnin ani/ot diitoiiiiti. Thit ii, tht Hi ina nuy b( ibk tt itmu an onltrin; of adrntiiancotf prnwil basal oi, t;., 
Wtet idcctlon inputi fitr attpiffelnj ach ittrihtn. Fot am^ tli( fIS ostr foif ttpcst utratiiaiititn uiiSttit to be ordttnl 
actordii^ to tftf fbliowin! nhci: (a} within lo raimitn ttayd time of ttit Ml mtr'i airrcnt Iwtioii, (b) mirxsst io prict, (c) tnrrcntly in 

Mil {(0 no prtftntd mctttanti. Hott that in prorifBU iftwtiKiDaiti ictonrmjtothtttiincr'itrittria.thctltaronjt ireDm psgo ntay 
hiw B raila tmiin uniniptioDi radi if the Ki nscr dw not (pctiflf i timt for beins at the mttihant, the elcttnrait ydlow pijei ina^ deftilt 
tbe tttH to a tan^c of tints loinnrtut loqget than tbc tiiird time thcnb^ 

idvctthcil netthintretativctrutn. AccotiTui^, the dmionlcirdlov pajn nu/ aho thedt iti^td data on tbenctthaiittoisnite that ttieHJ 
tier on laeii the petiliaot o«t the ffi nta artif a at the nenhinfi toatton (e that the inctdiaiit it fir butincii]. Attotifiii^, the 
nS nter may dyitiniiany, ind in teal tone, nry tixh adrcttisutt tdedim patamcteti fot tiietcby tnhtiiit&ll/ imnediately chinjuij the 
adrnthinj bein; prondd to die uier'i HI for exanipic, tiie K dtiplay ntay ptovide an area for cntttu; an idcntifiatiDn of a produn/iairict 
Dime wherrih the netwoii ietrnnlnei a tht of ttlited ot tompltnientaty produtrs/iernce!. tonfinjly, if an HS nitt deuto to jcrcliaie a 
vci!du|{#, and lu»ws that the couple to be vcd ate ptannuu a trip to Aaittilia. thai upon the fO mer ptovidin; inpot in rapone to 
atthfitii? a "related ptodncti/wyice!' featute, and thai wpatth?, ei, "trip to Auitialii' (ii M a) iny othet voluntary uiftTOatiiin 
nulicitiiig that the pu rebate H for: a {ift, Air a woldint and/oriprite(fbithai)$iaii.oo),diaitheint(IIi;cntydl[nrp3;cimnybeatilett 
rcpoQd with adratiscniani for rdated prodocti/ietricci mch ai portaHc dettrit power converter for penonal ippfiaocn thit it urailible from 
a ntcrthijit local [wi/w Don-loQl) to ttie Hi iter, noreom, inch rdited pnibim/ifrvicci [and/or *ut££citiott'} hinctionalitjr nay be 
inttnctffc with the Ht met. for example, there Day be a nctwort rctpoiw to the ns iner'i ibore jift inipiiry inch at 'type of gift 
cnnrattioiial or itoconraitionil?' Hoteir/er. the nctwort may inipiire n ti tht maiimio tnvd tinte (or dntmce] the utcr ii wil^t to 
derate to findii? a desired prwhitt/terrtce, andi^cr tht nadraunt trartl tuae (or dtitance) the ftS titr it wiHinf to demte to risttiiK any one 
merthint. Hote that in one anbodiniait of the electronit ydiow p^jei. prwitits may be prondol by tiie fIS nter as to a pretoiotion ordcrinj 
tf idvettiseiiKnts, whernn rachordotiinaylebyrprite 

llotethatirariooi)spcatofiQdiinelcctronicyellowptso dctcribed hcrdn ate Btt comtnind toiisiQcthenUttr'sloatioiLbi 
taieni, the tiS itier'f loatton ii tut one attribatt that can be iiitdlMf f^f tmSaii osen with tatjcted admtttiiis, and tmportintly, 
atfrertrsinj that ii perteivd at infonnatiyt indoor addrtttes airrent oitr prefertnttt uid need). Htcoriltigty, inch dettronic ytltet pige spetts 
of the ptflon hnroition in ire not relatal to a chutge inthefftnter'tlKationiwtiiDealsoapptytottacioiiirycoranninicitionttatiDDStoth 
braie compBten wherein, ti. mb dettronit yelhiw pajet are attested ria the hittmet Additionilly, the HI oter may be able to idjitit, e^,. 



na KOOH vimn iwittlin {t^, bottoiii er tuglo) iti m nnje ipaifim (tf ., (lifer hn) the rtlmncif and i amjosSi^ rinjc for 
nritiH pardiaiin; aitcrii. In pirtioilir, <uicc i fimm ti biiliatcil « rdmitt [t;., na uivailn; a tos;!; iwitdi), i tlidcr bar may be Died 
Ibr indkadiu a relative orabtoluKnlue for die pannrttr. Ihm, parmxternlun majrlx for- fceiaa/miLt ^iSfS^nfts^ [(4., dtiptay 
jtra tt highnr qoiroyj, prKC CDinpirilik prkc tt lugit coinparalitc prk^^ (naxlinuiit Dtiinateil timt ts jct to mcrdiaiit), 
parlung conditiiRii. 

ikcordiii^.nchtltarDiwifdlinirpijariuyiiKiudtthe^llDwi^ 

[i] ipam\it durije ai the uter trardi {roto m cotmaal arci tt aitotlier vticn tbe gtcr'i loatioD perioinally 
dttemiiiMl aitli tiutlwl rotrdiaiif! jregmn prefcraice; 

(b) mxnf, imtnictBin jre prayided » the HS iw wfttn j raettlun k idetted; 

(t) prmde dytijiacjlly jcDcnttd jdmthini ttia: ii reUttd to ui US Htfr"! prtfcrtntci or netih. for taraple, ifaii HS oier 
wistw » purtfaie a iitif iinlnj room w, then well jo ttcotonk yeBow p^fei may djnantiallystKntt aifrertfieraenti mth 
fuiin; mig km thercio fornerthiocsttiuidlthcnLHottthatttDsasptctoftkprcicntinraitMiiHaiibc laoiDplttheil by 
hmi tj., 1 prtdcttnnined coScttipn of advntish:! tcmptats that ire Hiifotd tt jiartiailar arcii of an Hi uicfi dtiplay 
wbadn the ait/eitiiu? iidmiatiwi idtcted JCtanliHE to the itanft) that the ftt aier hai aproied 1 preftrtmn or deiirt a 
pitrchatt, and additionally, accordin; tt the itier't bcation, the tner'i preferred merchanti, ant(/orthe ittm'i price (jnirit/, ai 
vt9 at tmponi. in4/<T diunnn thit nay be provided, nan, niih fisptays nay hm a pbrality of tntall ntwrti^tiicntt that 
nay be lelectcil for hyperUnkiiiE to more lietailed adrettisinf infotioatioii related to a prodiia or mu the MS user deiirti. 
Hott tliat thii atpot (^thc prctent inrnidon may. in one cnbodinicn. provide display! (anl/or atreipondu;; audio 
inftrraation) that ii liralar ti Internet paje (isptayi. Howcrcr, nifh advertiii? nay dynamiaHf change with the HS oier'i 
iootioii iocb that fS ner pitStJtm and nctdi fiv a ttons (inchidiiu vma] \smi higher priority arc given advcrtitetiient 
preference on the MS display when tht fiS oser copei within a dettmined proiinAy tf the mcrthint effcrii;g the item. 
norcover.thcKSiKcrniaybcable dynainicaliy rqiriormu the advcrthii^ fnptayed indoor change a pminiiiy conttraiotio 
that differot admdttineitti irr displayed, furthermore, the HS nier nay be able to roiiitit adrettising hitation on a 
ipeofkd Donber of nearest nerthann that provide a paniailir otegory of produtn or tervitn. for example, tn hS user nay 
be abk to rtiptrtadvBtisji? on tht three nearest Chuwereitatantj that have ltott,thataidi 
dynamitalJygentrattdadvtniiing 

(d) brfomatkin abont KS ner't prefcrenca aDdneedtnaybenrppfiQlKyeOowp^geincrchaiffireiardiiigftSiner'i reikis amt/or 
travel nearby ydbw nibicriber raerctanr locations as described hereiiubwe 

fhc followtiig ii 1 Mih Icvci descriptioii ef tome tf the componentt ihown to Tig. r; of an Obittativt tmbodiment if the electnioit 
yeBw pjjts of the present invention. 

a. Qectronic yellow pages center: Assists borli the oscn and the mochans b proviiruig more nscfirl adnttitiii! jbr 
(Dbantuig lusinesi tnosattions. [he dcttmnic yeEmv pages center nay be a regional center vithin the carrier, or 
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(a ihoffii) an antrpriK ttpantt tm tht arm. Hit taittr tma input from mm rtjarilin; prtftracti iti 
nttih wtiidt lint rtttivtil by t)it iistr rattrfet 

b. Vicr \mtKt Mm input (roni i w tiat nlidita tix m rii pamril, rokc idmtifintKin. or irtticr 
luonKtrk apatf ity fiir tdcndtjniii the dw. Itetr tlut Ok that tfic iilsttriati^ coratiniariitn dcviK 
(c;., plicnc ntiiQbcr) h alu proviild. F»r a mcr contact, tbc titer intdau don one of: (i) fMim ttic uicr 
titstjif illmuiiicriccca to |iirtticrticarcnicydiow|»ec icrricci, (b) rcpttti ailiiitioiul niidatitiii 
infonaitton (nun tlK «tr, cr (c) inniiilitci tbt mcr and r^ xcni to dcttniitk irdlow p^en. Note tiiat tlit 
«tr ratafficf rctritm aw idtntifiation infbtniarionfrointbtiiicrpniltdanlait (d twftd Isrtinbclow), aitd 
aDm i niidated oser to add. ddctt, and/or nKidiiy ludi oicr idoittliatioa inTsmation. 

L Vht ad adviior: Pnvida eicr intone and iottnotom with ttic nicr. Inctm an idflttfutiou/dKaiptioD of tlK 
ntu'i coiiiinuniQtton device for tmrnwi ao appropriitt mcr cotnniiinicatiaii tccluiii^t M ttiat the iter ad 
xtritor may ah« isitri (any) ntcr pfilc anilitilc (ntiitE the nter't idciaity) for dettmiininf i prcTcnfll ntcr 
coflnmnkatun ttcltnupc tnpporrcd Ity tbe ncr'i cotnnmnicatKio deiicc. For nampic, ifthe ntcr'i conuDonicatiitn 
bricc topporti rigtal prscntitiont, tiien tiK mcr ad idnsor dc^iti to Ttmal prcicntitioDt onicn tlicrc are 
idditionaitgititninti tlutptclude providire titcfimalprctcntitiDaL in particalir. tix meriay revest only 
andb aj prcicniatkiiH, or netdy jraplikal p^gci without ndeo. Uditioitally, if the mcr'i (onmunication 
tnpfnrti ipeedi rcaijnttiDn. ttica tbc mer ad idriior nay interact vitli tier loldy via rerbai inmattioni. Ilote 
ttiat nttti pureiy Ycrli^ interxticm nuy be preferable is tome cirtiiiDstincci nidi » wiica tbe yicr on not lafeiy 
iricpf a ffiiiai prcteutitiin; e^,. irtien dririnj. furttier utrte that tbe mtr"! tonmuroation device nuy teme vtm 
it'iteiFttTiiiiiCiilyconitetttdttaireliicieandprovidenicliKDtor infonoittoa totbeaieradadriioriottiattbis 
nodnle vili then de^lt to oidy a verba) pracntatton nnicti tlie mcr reipiesci othenvite. Accordbtgly, t)K aia ad 
utriitr ioduda i tpcccli recojiDttion unit (not thovD] ai vcO ai a pretentattini masts [aot ilurvn] 
outpittim adi in I rbm conpatitiic both witli the fiincti^ina! capabiiitiet ef tbe mer't comnninicatiDa device ind 
Kth tbe Kier't intenttion peferoKt 

niit( tttit tiK mend adviuir coimnnnicattt: (a] vrth tbe nser ad telectioD ope ^ lelcctuit 
idverttienieiiti ti be preieitcd to titc iter, (b) vitii tbe iter profile datibai; for inputting thtrcto nlnantjaiiy 
penictcotmerpRuinaiinfbmiattDnttiatcaibegtedbytlicnsaad teieoioii eipe, and for rerrieri:i; mcr 
prcfcreHct tuch at media preferotceftj f(r prcsentatiiint of adratiicnicntt, and (c] vttli tbe nter pcfercnte and 
Dcedi utitMoii $eot) fiir iottintiatiii; inteiQgent agentt (c;., datibaie trifscrt, initiating nietihant rctpioti 
for a product/tcmce to tittify a nter (reference or need). 

Alts ante tlut ui tome embofinm of tbc pretot bivaitioa. tbe mcr ad tdvitor nay alti bttcract vitb a 
our for obtauiiiic feedbadi rcpnliii;: [a] whether the advcrtnementi pretented. tbe nierchaiit) repeteoted. 



inil/oi the pmdacts/itnfSco offtrtil irt imi ipprojiriJtt iy tbc wcr, ind (li) tte utHftakiii with i ramhjnt 
' urith which tht iKf [i« uittractm In pjrtrailif . nKh feedbati iwy bt initattd Md/or [ontraBoi wbitantiilly 
ly the ntr prtfcrtntr ikI Dtttfs uthfittkin Jjon nansstnititt tytttm (dntriW herricMml. 

1 Iter (ffmoc datJtest il datibatc manasciitatt tyiton fiir aaasinK and rttiinio! Dttr idcnttliatiDii infonnatkin, 
m peruital uddtnution, uut ideotiiiQtkiii uTthc tiier'i [{tmimmicatioD Me (a. iiute , nmdcl, mi/tx 
loftware rRUin[i) bnr^ tttd}. Rote that the gser profilt datitiM may oiitcabi infsmiatiDn about the dict that ti 
mlisaiitially peiwttut; e^., prtfertKH firn bn^iiije {t^., bi^ ipainh. etc), Kl pteientatiiia mciia {ti., 
ifAtn. taSaA. psphkal, and/or nJo), nuxunura tnvtliflj tirat/iTstinK for hkt prcfcrcwo and iKtdi of 
ttmpofil inpornuce [it, whit h omiidcrei "near to tlie aw), mcr dantgnphit inftunatitn (ei, puithaiinj 
hhtctT, iiuoiDe. reiiilnitiil idHro!. age. lex, ethnicity, maritil itann. family itatitio radi it mraha tf child and 
tbor jjti), iiid mertiiiitt prtftraKfl/prdaiimii H, user prtftn out rmauraot ctiaio over anothtr, or the «er 
Winn DO admtncnm (nun a partkolar merchant). 

c. Dicr ad lelectbn sapit Thn noibile idem ufrertiKinaitt that m itmd ippropriite to the oter'i prefcrcoco 
and Deedi, in partial lar.thsiiioduledetenouyjtbtQttjorHani prooitation order of admtheratnti to be 
preienttd to the our. To perform thit t«]c, the itier id idettioD ei|£iDe m a wfi profile information (fnini the 
mer profile databw), a mm. iter reqoeit (rti the nier ad idvitor), ind/sr the wcr'i atfinit jeolocnion (via 
the inteiftce a tiie loation pteway 141). Ihm. for a wer rapiestin! the tatiKi of an Itafim reiiannnt within 

mile of tiie nier'i aityent loation. in 1 mtdstni price nnje, ind acceptinj out of torn the*, the Bier ad 
(dtttioii ei?ine ideittifiei the ad criteria within the nitfi reipieit, and dtttrminet the idyeitiiinj cittjoria 
{and/cr valoet thereof) fiora which idratitementi ire dtiiral. tn one eobodinien, 

llote that the nser ad idettion tspx on ntsat ulHttiisneiit atcsorici and/or nbci thereto to the mer if rcqDcittd 
tsdott. 

Khen)nftSi4oapp(anti)b(tnv(ln|[ui enmdal diitaoce throi)^ a plntility gf areai [» detomiiicd, t;^ tiy tHcot fli loatiom 
ahiii; ail intcntite tbit tnmic i pbtality 1^ m], tba npon entering each dcw iica having 1 new collection if kotion regittntniDt (and 
poiiibiy a new location r(?iitration witird) niiy be prwidel fa cample. 1 oew dtftult itf cf total loation rtgiitntiom may become avaBible 
to the nitr. Aaonliflgty, the oicr may be notified fiiat new ttmponry barton repitrationi are avsllaWe for t&e MI wer to acceti if dtjirtd. 
for curapie, indi notifiation raiy be a aiktr change oa 1 ridei diqilay indiatiii! flat new temporary repitnoom are availabfc. tttreom, if 
the Hi iier hai a penonal profilt thit iho it atceitible ky 1 loation rcpstntion tiunl. tiitn the wium may prondc advertiiing for loal 
butinettti and lerritei that are eqieoed to better meet rtie US mer'i taittt and oeedt Thai, if loch wiiard taowi rtiat the HI nier prefen fine 
laSanliKidbatdoeinotwiiitiotTatdmorettiiniominittibyiutolrwnhii/herhMdtorQcha rtitaarant, then adrettiienifiiti for 
reranrait! latiilyifi! ludi (ritcria ml liecome wailaMc to the nttr Homrer, Hi aien may ato reraiin awnynm to mdi wizardi, wherein the 
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mt, that rttaiaii? ftS nitr prtftroira mi utciti, if ptnntitioa ii pnmdcl, tt. for jronynmily uptminj w{li ii«r 
infonwdDit, tliii infitnnjtiop auiil bt prtvidnl a mcrdaiiti. Itm. raerclunn an gtt u luiilcmuiilii? if ifliat wrtv MS hkt"! wuM Ok n 
purttuK (mif ondtr »fiJt ttnUitkini, tj., in am ta fiff kti ttiaa Sto). M wtli Ditr'i iwy bt trwtlins ttirdojti tbt ira. tir bkt'i nay 
frrc ncart^. AicoriTiiiiilir, it n i feature of ttK prom iarcntimi tt pnmilc incntunt'! vitli MS m prtftroHa iDd tail imt^ » vbcthfr 
tttc ns sicr is aimioty or Im nortiriii tiuttiy mcrdiaiittu btttcr tirjitt hti/hcriifrcrtBiii;. 

Id eat aaMniciit, iiiii^wiiinl may be uud eircr the nrcrtfc ara ofa CHitS aoil ttit (tuabatcef knl businais and fovicci cttai;pi 
jittKftititertrarchfronioiiclHinoii re^tion area n aootlur. norcortr, mdi a triiird nay detmoiitc tlic frtiiunty and vbn rti|iittti 
for ftS batjom art prorKltd tt the fjteway vfL for eiunple, inth dJtabaiei of kwl buoneKO and icmtH nay be tointidtnt with m 
boondaria AJfitiorally, tbt liurd may tikt m iccooiit the direoioi) and rtatfway the m 140 ii irartii » flat e^, only taiineiiei 
within J prtdcttniiined area awl jfeferabiy in the direaiofl trarel if ttK HI 140 art amfidatti tt lure aifmiuni ilKplayd ti the fC oier. 

Ik inratiin tan tied for mi piidtd toun where tiie inration it interactirt dtperarinf on ftdiliatl: frtn! oien. Jnth 
intencttnty beii); both rerhil dcim;itions and dircctiom t> poioti of iitttrciL 

Hie invtmion niy proriie hitemtt pictnrt spturt with real tint roite apture and lootion hiformation for iijtmering. ind/tr rairity. 

nie ftrtjotuE deHTiptioD tf preferred tmbodiraenti of the prnent inraitton hat been provided for the pitt;»tet of Ohittration and 
dfltription. It is not maided to be ethanittre tr to fmiit ttie iiiraition tt tht pretlie fttm fitdoied herein. HodifiotiiiK aiul nriation 
[oinraemnrite with the deitriptitn lierdn iH be ipparent ttwe (lulled in tiit itt and ate intended tt be witiiin tiit tttpt of tht petent 
mrenttoit » tht extent pcmitttd by the reieraot att. Ihc ontitdinicntt prtnded ate ftt enabnii; otiien tUHed in the art tt indentanj ttu 
invention, it] nrioui onbodnnatti and nttdifiatHint n ire nitcd for Diet conremplited. It it uttendcd that the ttopt i^the inyomtn be 
defined Iry tht fDlIowuK dalnn inil titen epivaienti. 
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Hhatiidatnicilic 

1. A Mtuil Ibr batinj a mobile itittoii min: wirdoi lijnal iiicanirtnicitt! nbaintil frtni tnmniiiiom bttwm uid mm itanon 
mi l (Junlity of fticJ loattoi atraiiniiiatioii itatioin. wtiana tath jf laid toninniniatiOBi Mioaf iuduiltt one or raort tfi mmm mi 
i maa for wirdciitK comnniiiiani;; with uid imbilc itition. aunpmin;: 

prwidiqt fint mil ictood noEilc iQtion kKatioa mlii3Dn, wlicrcDi uid liiattoii mtiinen dctcmiEK inlbmation rrlitnl a m 
or nioK baoon cttmattt tf uid mobile ttatioa wtisi Hid loatioii stintitDn irc rapplicd indi diti hiviit; nbci obniixd ftora vir^i 
tummm obniiicd na tnouDiisiont bcmcn taid mobile indoi) and tbc unMnkariaa ttitioiii, wherein: 

(A) ttid lirit lonn'on enbitDr pojbrtDt tiK or iBorc oT the fbllowinj tnhni^ Pf)^tMJ^ lojiprial vtth a 
{ormpondlBE mttante of aid lata: " Otj 

(i) t (tnt tediniijiie fbr dettnniitiiij, (or at leajt one of the annnraraatwn (tatiom, out of: i diituite, and a 
tDDt differettce of aninl hflrai die mobile tntira and tiie {ODiimiiiiatwn itation, vbam tild fint tetftntqae 
Qtinuttt 1 tint of arrini (lOA] of a retcrral tignaj rtUtiK tt i linit rtfcre«e it tach ok of a {itarartty of wirdeu 
(i^I moiutDrii^i n6m tm in inrent traat^nn vhne reutitioi h grtitcr than Uiliign ra^txi; 
(iO aiecondtechjiiipitfbreitiinatui;alocation«ruidmabilcttadon,aiin;ratas 
of taid iiXi obtained ^oni ti^ rtttirtd by the mobile uation ^om one or more ntellitei; 
(iS) 1 rhird ttdinipe (or rttopiBinj a pttem of {hsracttrfttia of a twreipoiuliitg fetance of «id dan, 
^ttn uid pjtrtni of characttrisfio ii indiotiirt of i (hinlity of wirtleii i|rial trrniftsion patii! bttwetn the 
mobile ttition and tadi of one or more o( the coimniiniatioa irattoiti; acd 
fff) a frarth ttthniqut (or esdraatinj a liicat»a of Hid mobiit ttarion niinj a DSH nwdtl. wherein tiit (bllmii? 
ittp((a)-(d)areperfDniitd: 

^ retdrihj at an antenna amy prwidtd n one of Eht coninianiatijn (tatioii!, ti^li orijinaiiit! (rnni the nabile iration. 

wherdn tht li^nah omifftie Kunentlonal array imn mjlei from p antcnim of the attay; 
^ detcrraininj from the rettiifed (ipiali, a itpial lipianire, wherein tbt li^al itswttre couiprhei i mtamred mlnpatf, wherein 
the array Koon ate ippniimtdy anfintd a the iDcaniTd nihjuct; 
C tsl^ «nparmjt(ieit|iHliifnatiiittiadatabaie[orapfiiii|fQiaoted 

tbc coDfiiriiic mpia okttlatiit; mma betvcen the meanrcd tsbtpace and alDnttd lubspatet; and 
d "(til^idfttiiu from the datibw a m Blrfy alitaitti ii£iQl liputurf aid a torrtpiiTu? isoit lilccJy location of the molfflt 
f tation by oiutE the atatbttd diflferenas; 

W a fifth ttchnlpt (bt othnatinj a location of taid mobile itation niinj an [ model, irtierrin the (bltarinE 'ttP 
(a)-(t)arepei(btniei: 

I mmt, at a mSttprtcity of the (omnninication itationi, i vpa\ tnmxtai by tdt pobtit ititioit; 



i bmrimt. ifoAUt multipSatr of die annnuiotitii totioiN, uid rccdvd lienl ind timin; 

Infsriitiao t> i untnt ftwawi (cnttr; 
c. QinlattiiE, nthin vol ctstnl prHtiiiii! cnttr, i timt memu of urin! pA] tatioo (tdmatt 

Hid mobile tatioii battd itpoa tiid tmi intbrnudoit; 
1 aicDtittii!, widiiii uid (ami pocatiiif center, i timint idnnce (lA] Intisii ntinQte tf m 

nuibilt tntioD Imcd opoit tiid Msi vsStmijtK inil 
c. detcnniniiiEuidpCNitioiiarHidnuiliacMiiiiititiiiiuidM 
(vi) 1 lutli teduiiiiie for cttiiittit 3 botuo tT aul mabil; {atiao niin; u Qodet, wbcrtDi tbc fiilm^ 
itt(K(i)-(e)irtperftniieil: 

I rtttmnttaiKreceivercriocittdiithtlienoMcitiA^^ 
Htdic; 

k.. matntttiQt Iwcd commiiiotito tignli Imcat i oionntiiiatisat tyitm lunriot i fint 
(f tbe cocomiuintioii imiooi oupM n uiit ^ recdrer, ind i Kcoml cf the conmnmiatioa 
fQtloia wtucli ii reiDDtdlr pNttHoal rttatire to tiid lo^ite tntioi, vbcren Hid (d baied 
(onumidatkiiiiiSnilimwirekK; 

L detcnii[iiiiii)Mtinte[iK3sirtiiicMvt^rcpraeiinit^ 

totl coniMniatkiii u^h in i (cH kiicd ((miiucjtiiii lyittni bntii; it lent vine of tbc 
ttnmnDiattoii intioiii itiicli tompriits tiiil tecooil cotnnninicitioa intiso lod tiid 
(tnuDuoiationiyitciii; 

i. dctctiiiiiiiiiiicaiadtinicDcngrtiMttirtudircprG^ 

t dctcfMiiiiipnidgitofuidDdtiileitHioafroniit)^ 

lecoml ttnic nximreowit, vberni uid (d kaied (omnniniatini i(sa^ in tf 
comiDtintcidii; din mxia in i miof direction between uid |nt ccH luted tnotccirer ind 
uiil CDnuDonidtioo i]ntent; 
(irfi) iKKntlttecluuiiHfbrettmiciDiitoatK 
ttti(i(i)-P)»rtperftnite(: 

1. tnDinittttq{(rtnttiidii»liilett]tiennfrapletorati^ 

b. rectbiQt it toe of die annnmniatioit ttidon, uid H tmqiiei tofctiter vitb nHiidpitb 
tonpoiKntiudniK; 

'L dttcrntniiit 10 ettinutedclaondprn profile fiireicbefti^ 

I tdectiiEiMtetcflltinipici front tiid rftinplQ; 



t toMn iwlifftnt bttpitioD fir Qkt ttttraitdl {baniitl power prcfilo lir ail Urn W of B 

unpin n fona 1 lint mpmi li^l; 
f. U qtiiltty tcvd or uid fim intt^tcd I'lsnil vttti rapcct n ipil a notic ii la than a 

prcdflmaincd ttiralubl, idcoiit; unthcr ^ laid t\ nnpla: 
I ptrtaiitf inailKrtiit inttjntiitii ^ Hid citiniucd (hannd power proftia [or uid to la of N 

umpki mil Hid anottKT a fam i \mi inttjrattd I'pil: 
b. if] gaGtjf kni cf uiil imiDd intQnttd witli rcipm to ti^ t> coitt ii jrrattr than or 

equal to laid prtdttmnlncd tttrolulU, itmmi a dnK-of-irrfnl of a nmintiini Iml of Hid 

Kcoiutintijratalij^ 
L ffltmngHlJriiK^if-jrriyaliiitoatinc-of-ariinl^ 
j. idcttcisainonilictefnttinpla^iitaiilKanpla; 
1 rcpatin; aDofaidpafomliifttirooi^ujil mabt itcpifiirtaidtcuitdtctofNtattiplCiiiiid 
I d(tmniiiiii;aiDininiiiionlu(citiniitdtini(4arriral|rcniH^ 
fmi an d^tti ttthiuqot for nliniatinf a locatioa of taid motulc latinii aiinj an ^] miA, wticrm the 
fsltowins itrpi (a) - {t) m pafonwd: 

a. wittiia ttit mobile ttitioa;, tramnitttii; i loQtim ^ njipmcd of it tent tm toiu 
omponciti; 

b. witftio cacli 1^ a pbraBtr of ttic unnnntniation itationt, jtm^ tk batiiu ij^ at cite »r 
more antcnnai, and wntiin at least one of the conmniatioa itatm, retcrnn; the ktatut; 
tpalwtthatteatttnanttiinii: 

c coo^itceachantemabartcciireri 

i vitiiiicacli receiver, jcimtit;ainpDtQdf and pbatcrabcsfr^^ 

if the aimnia, tber^a buTKativc ef unpOtDde and [^le of at test tiro tone toitpoim ef 
" thekattii;ii!mlafre(e>rcdattt)ecarT(tpDiu]i!|gaiitcniuaidra 

c. (ODibDiins tiic nhiQ indicatrK of anpfimde aixl plutc for the tone oonipoiiciiti fm a plurarity 
of the retoven to detennine the pojition of tlie raoMe itatioii; 

fa) an nuitti tedini([iie for ctinntiiic a kntton of aid lODhOe ttatiomitin; a TUS modd. vtierdn the Mq; 
(tepi [a] - (h] are petfbtnied therefor to a Dobile ndiii lystctii {iniyidiiifatleatt tone tf the aniiiiitiatioit inttoin, 
aid nolHle radio tptno bdudin; a nctvorli (ontroDcr and at leatt three of the amuiiDiwitxiD itaticun, cadi of tiid 
at lean three (onmniiiiatkiii mtm iodQdiiif ai opTtdc IDA neMriii; onit openblc to uiniinitDiatc with aid 
networt amtroDer, a cootrol ooit. and a tune reference oit opoitile to provide tun^ reference t|piah to aid uplink 
IDA neauriit; onit, at lean one of aid at leatt three comniuixatioo itationt co-located with and cosacaed to a tccond 
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niabtle ttitim, wi icninl mW itatkm coaiiinl u uid ncnrott coitttiillcr ni i ndit inm^c, inil i tnvicc nadc 
opcnblc 0 stort toovn pnitions of it Icait two if uiil » tent thrn CDnmniiiiatjoii ttitisni: 

I teimt i rt^at in aid mbilt ndto tytttra to detoiDiiu the ;n£raptual pnition gf nut 
niotiilcttatKiD: 

b. dttcrmininj and rcportiii; the pnitkiD oT did iccoihI ciiibilc ititisn to tiid icrricc node; 
c #((tii;; Hid BtPtNlt ftitioii ti ttiitunit di^l t0L on i mSUL (Omti when iiid 

mole itation ti otrt tnitunittiai or ttiitnuittia; ttif uialof li^h; 
i. wmwi in eidi tiitliiil; IDA nesorin; m in nplui): Mtfttst i\ss3\ ipih craosmtttrd Irr 

tlienobiicititnn: 

e. tctdrii;; in uid network untroDcr aid npGnk M mmmm front tiid it lent three 
(oiniiniDiaiiii) itKiow Jnd i tnflk thannd nainber tt uid tnflic thinnei; 

r. tiamiitiiK uid iriHic (iiamid onnber tD u identity tl taid nitbile itatioit; 

( anrreyinj uid ifM TOA memranoiti mil tiid mobile lottini identity ti uid letvicc node; 
tod 

II Qlcnlatiiii b uid tervicc node tlie poittion tf uid n^ilc itatioo uid iinoni potinom of 
Hid It \tia three annimaiatign itatitin and labl ap|[ lOA mtatoremenn; 

(i) a tenth te(]iitii|iie for eitimatui; i iKition cf taid mobile ita^n itiui; an H model, wl»ein tlie foilm; 
(tcpi(a)-{d)ireperf[iniied: 

a. reteMnE jloW pmitioninj (pteni latdDte (6R) lijiali from i phinlity of jlobii posttionuii 
lytton tittUita; 

b. receMiiE a phirality oftcibtlar poiition li^lt that do tot contain data b a fi?^}S(i funnat; 

c cilraliiiii; tbc geofraphk ptsitioa of ttie mobile itatkin mine utd received flobal pnitiop; 

lynem tatdltte fijiDih when a retpiiiite mmbcr (f the pbnrity offbbal pnttioniiti tyicem 

uteOitct arc in iriew «f a {lobaj fotitioniri; tyitcn reteirer; and 
d. akutatiqt tbe |ci|£ra|diic potitioa of ttie mobile itat»n mi both uid rcceind pbitarity of 

(dbilar pnicioa lignali and tnbitintiaily iH iT taid rcceired ^ poiitiotuij tystcm uteEite 

liSiul) wlMi the reqoiiiie miraber (f the ptarafity ^bal pwitioninj lyston HteOitti ate net 

in vie* of ttie flobal jmitioiunj tyitcn receiver; 
fbr It least 1 partiaitar one of taid tethni([tiet perfbriDed by laid lirtt botion cttimator, taid tttond kxition evabiator 
performi i different nne (f uid technitiaei vben ntppOed with a ampondn;; imnnceif uid data for tlie diereis 
tcthnii[tie; 



firjt ((lOTting. by Mill lint tKition fitiuatir, lint barton rtbttd inftnnation ttiai ii atpaidciit upon n mmtf 

Df 1 M aUTfipCJldtl^ iDItUlCC of Uid dltl; 

iccoml jcocnting. liy nut tcctiKl Iratiui cnbnttir, utond ioation rclaMi infcmudoa ttiat ii ilcpaiilcnt npini an 
ivailabQity Dfa tntnil conropiii; instincc oruid daS; 

i!(tmniiiii)j a rsattiii; bcinm dtnnatc of the notiilc ttatim ilcpdait upm u kait m of: (a) a [int ralvt obtaiacil 
fnm laid Ioation rdatcd infonnatjoii, and [ti] i tncnil nhit ctitaiDcd ftom uid inond bation rdatcd infomrition. 

I. A mttiioil ai (tairaci in Cm t, ifteeia »ld ittps of Oaira i arc pofomtd foi a iliafc oiKisaicr rciponst rtqnnt. 

A iDdd K daintcd in Oaini i, fiirttKr indidiRt i itcp of wtputtinj, » in ciocrjcnqf mfim im, aid rmttiii; battcii 
atimatt ef utd mobile ttu»ii b rflpunc to aid tnaEcacy ro|»iBC ttqactt. 

4. il nmiiod for katiit a nitbllt ttitkm itilQi witchf li^al mcanrcniain cbtatncd from tammintDni between uid mobile itation 
and a phir^ity of lixed biQtioa (ontmttititioa itattoai, wherein exb of uid auniDiiiiiattoni ttatton inchidei one or more of a tnnnnitttr and 
1 receircr for wrdaily ctmiotiiijatuit iridi uid msbile itatioa, mymi 

irorifui; lint ind leamd mobile iQtion Ioation cnhiaton, wherdn said katton mtsam detcnnine infonnation reiattd to one 
er more bation eitlniatQ ifiaid mobile iQtion vhoi laid ba&n citimaton ire mpplicd with din Mit nbet obtained jioni weleii ipal 
ncinirenienn obtiined ria tranuniiibni betirai »id mobile itadon and the (omninnkatbn tntiont, wherdn: 

(A) uid fim Ioation cnlaitDr petAnm one tr more of die foDovin! ttdiniqtici (i), (B) and Oil) vhen mppGol wttb 1 
(orTciponfutgbiancetfHiddati: 

(t) 1 M tctbniquf for itetrnnuiint for at tent one of the tsmmoniatbD itariom, me of: a dtnante; ami a 

time ditfcTCDce of amni between the mobile itatun and the (otasnQntation ttatton, vhcrcia taid lint tethniipie 

atumtei 1 dntc of anini (ItiA) of i rccdred lignil rebtm to 1 tint refereoce at eidt one i^a pbtihtr of wintesi 

ipal monitorii|{ itatbni ciini an imt trmfbrm vltott raobrtn ii jreater than Itaylet^h retobtion; 

(if) J letiDd teduuipie for stimatiqe a Ioation of uid mcble itition, inin; nbct froni a corrapomrm; initiDce 

of uid lEita obtained from tisitah reteiircd' by the mobile intion ftem one or ntore tattlhta; 

(IS) 1 third tcdiniqae for napzin; 1 patttm of (bancttmtia of t (orrtipondinf iattince of taid diti, 

wherein tab pattern of thantttriitia it indiativt of 1 phralitf of wirdeii ii;n^ tamnriKbn paths between ttie mobile 

station and cxh of one or more rfthc mmmm and 

(B) for at leist 1 (urtictibr tne of siid tethniqnci performed by tab fint botioo cttimatiir, taid second loatioa evabitor 
perform a dillcrait one of uid techoi^es when sopplied with a corretpoadin; instance of said daQ for the dilfereot tecbniiiiic: 
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lint joitntinj, uid fint Iratton otimanr, lint loatitiii rtlittd inftnn Jtfon Biinj an ivailitilc (tnt cnrcipontfinj 
taciiftttdibii; 

leconil fcncntinj;, by taid laoiid locatioii cvabattir, (Kond Idqu'dii rdaud bifonatton uii^ an availalilc iccond 
(mnpandiiutiiitaiittoftaiddata: 

dctcraininj a rnuttiiis locarion ntimatc of the nmbiie itation dcpcDdent upon it lc»t m t[. (a) a dnt nlut obtaiiicd 
froin laid lint loatton tclatcd infiirniation, anl (t>] a iccdriI ralucdbtaincd Irom uid ttcond lootion related inftnitation. 

(, TlK nttfiod at daiincd in aaim 4, vticrciit m or mitre of laiil moltile t tation iDotion mlnaton gcocratct a loation ctttmate of 
laidinoliikitatioiL 

6. Tlx RKthtuI » diinicd in Qaini 4, who-cin lalil pbllt ttation ii a-]mta witii a fnmr for iomtini it icatt one of laid 
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APPLICATIONS TOR A WIRELESS LOCATION GATEWAY 



RELATED APPLICATIONS 

The present application claims the benefit of U.S. Provisional Patent 
Application Serial No. 60/349,100 filed January 4, 2002. The entire disclosure of the 
5 above-identified provisional application is incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention is directed generally to a system and method for 
providing complex network services requiring interactions between various network 
accessible applications and/or services, and in particular where such complejeserylces 

10 utilize or require the location of a wireless mobile station. Additionally, the present 
invention is directed to a platform for enabling such complex services, and to 
identifying such novel services that may be provided by such a platform. Thus, the 
present invention is directed to complex network services such as location based 
services for locating people or objects, and in particular, to a system and method for 

15 locating wireless mobile stations. The present invention is further directed to using a 
plurality of mobile station location estimators such as is provided by a wireless 
location gateway. 

BACKGROUND OF THE INVENTION 

There is great interest in providing existing infrastructures for wireless 

20 communication systems with the capability for locating people and/or objects in a cost 
effective manner. Such a capability would be invaluable in a variety of situations, 
especially in emergency, crime situations and mobile commerce. There are numerous 
competing wireless location technologies that purport to effectively locate wireless 
mobile stations (as used herein this term includes, e.g., mobile phones, short message 

25 devices (SMS), electronic container tracking tags, micro-transceivers for personal 

location and/or emergency, and mobile transmitters such as can be used on battlefield 
or military recoimaissance, surveillance or tracking; additionally, in a more general 



context, this term includes vehicles, and other mobile units such as railroad cars, 
watercrafl, and aircraft containing a device that can be located wirelessly). These 
technologies can be generally classified as: 

(a) handset centric wherein a portion of the location processing is 
performed at the mobile stations, and in particular , each such mobile 
station (MS) includes specialized electronics specifically for 
performing location. In most cases, such specialized electronics are 
for detecting and receiving satellite (or more generally, non-terrestrial 
transmitters and/or transceivers) signals that can then be used in 
determining a location of the MS; 

(b) network centric wherein the wireless communication network(s) with 
which the MS is in contact handle substantially all location specific 
processing. As one skilled in the art will understand, there are 
various wireless location technologies that are available such as 
location technologies based on time difference of arrival (TDOA), 
time of arrival (TO A), timing advance (TA) techniques, angle of 
arrival (AO A), multipath pattern matching techniques; and 

■ (c) hybrid systems wherein there are specialized location electronics at 
the handset ("handset" being used herein as an equivalent to mobile 
station unless stated otherwise), but a non-trivial amount of the 
location processing is performed at a network site rather at the MS. 
An example of such a hybrid system is what is known as network 
assisted OPS systems, wherein GPS signals are obtained at the MS 
(with the assistance network received information) and GPS timing 
information is transmitted from the MS to the network for performing 
MS location computations. 
The wide variety of wireless location techniques can provide, under 
appropriate circumstances, the following advantages: 

(a) if the techniques are used in combination, a more reliable and 

accurate wireless location capability can be provided, h particular. 



when an embodiment of one wireless location technique is known to 
be less than satisfactory in a particular geographic area, an alternative 
embodiment (or alternative technique) can be used to obtain an MS's 
location(s). Additionally, two different embodiments and/or 
techniques can be applied substantially simultaneously for locating an 
MS. hi this latter case, a location resolver is likely needed to 
determine a "most hkely" resulting MS location estimate. Note, that 
wireless location systems for combining wireless location techniques 
is described in the following international and U.S. patent 
applications which are each incorporated fully by reference herein: 

i. U.S. Provisional Patent Application No. 60/025,855 filed 
September 9, 1996; 

ii. U.S. Provisional Patent Application No. 60/044,821 , filed April 
25, 1997; 

iii. U.S. Provisional Application No. 60/056,590, filed August 20, 
1997; 

iv. International Patent Application No. PCT/US97/1 5933 filed 
September 8, 1997 entitled "LOCATION OF A MOBILE 
STATION USING A PLURALITY OF COMMERCIAL 
WIRELESS INFRASTRUCTURES" by LeBlanc, Dupray, and 
Karr; 

V. International Patent Application No. PCT/US97/ 1 5 892 filed 
September 8, 1 997; entitled "LOCATION OF A MOBILE 
STATION" by Dupray, and Karr 

vi. U.S. Patent Application No. 09/194,367 filed Nov. 24, 1999 
entitled "Location Of A Mobile Station" by Dupray, and Karr; 

vii. U.S. Patent Application No. 09/176,587 filed Oct! 21, 1998 
entitled "Wireless Location System For Calibrating Multiple 
Location Estimators" by Dupray; 



viii. U.S Patent No. 6,236,365 filed Jan. 22, 1 999 entitled "Location 
of a Mobile Station Using A Plurality Of Commercial 
Infrastructures" by LeBlanc, Dupray and Karr; 
ix. U.S. Patent No. 6,235,365 filed: April 23, 1999 entitled 
"WIRELESS LOCATION USING MULTIPLE LOCATION 
ESTIMATORS" by Dupray; and 
X. International Patent Application No. PCT/USO 1/1 7957 filed 
June 4, 2001 entitled "A Wireless Location Gateway And 
Applications Therefor" by Dupray; and 
(b) if a primary wireless location technique fails (e.g., due to an 

electronics malfunction), then assuming an alternative technique is 
available that does not use, e.g., the malfunctioning electronics of 
the primary technique, then the alternative technique can be used for 
MS location. 

However, the variety of wireless location techniques available is also 
problematic for at least the following reasons: 

(a) a request for an MS location can require either the requester to know 
the wireless location service provider of the geographical area where 
the MS is likely to be, or to contact a location broker that is able to, 
e.g., determine a communication network covering the geographical 
area within which the MS is currently residing and activate (directly 
or through the MS*s wireless service provider) an appropriate 
wireless location service. In the art, the technology enabling such a 
location broker capability has been referred to as a "wireless location 
gateway". An embodiment of such a gateway is described in the 
PCT/US97/1 5892 reference identified above; 

(b) for communication networks relying on handset centric and/or hybrid 
systems for MS location, MS s roaming from networks using only 
network centric location capabilities will likely not have the 
specialized electronics needed for being located, and accordingly 



many location related network services will not be available such as 
emergency services (e.g., E911 in the U.S.). 
(c) different location techniques have different reliability and accuracy 
characteristics. Thus, the wireless location technology may need to 
be selected according to the requirements of the location requesting 
application. For example, location requesting applications that 
require relatively precise location information are emergency rescue, 
and certain military related applications (e.g., battlefield data fusion, 
battlefield maneuvers and/or military command, control and 
communication (C3)). 
Accordingly, it would be desirable to integrate into a single wireless location 
broker or wireless location gateway as many location techniques as possible (or 
commercially feasible) so that location requests can be fulfilled without the requester 
needing to know what location technique is used. It would be fiirther desirable for 
roaming MSs to be able to be located in coverage areas where a wireless location 
technique is different from the one (or more) techniques supported in the primary 
subscription area for the MS. Additionally, it would be desirable to provide new 
applications for which MS location information can be applied via, e.g., a wireless 
location gateway. 

OBJECTS OF THE INVENTION RELATING TO WIRELESS LOCATION 

It is an objective of the present invention to provide a system and method for 
accurately locating people and/or objects in a cost effective manner wherein a location 
requester can obtain an MS location without needing to provide location technique 
specific information with the request. 

It is a further object the present invention to provide wireless location without 
the requester knowing the particulars of a communication network with which the MS 
may be in contact, e.g., the commercial radio service provider (CMRS), the wireless 
communications protocol, etc. Furthermore, wireless location may be determined in 
two or three spacial dimensions depending upon, e.g., the requirements of the location 



requesting application and the wireless location technologies available in the area . 
where the MS resides. 

Yet another objective is to provide a low cost location system and method, 
adaptable to wireless telephony/Internet systems, for using a plurality of location 
techniques for increasing MS location accuracy and consistency. In particulai", the 
plurality of location techniques (embodied in "location estimators" also denoted "first 
order models" or FOMs herein) may be: activated according to any one or more of a 
number of activation strategies such as; (i) concurrent activation (e.g., for obtaining 
two location estimates of an MS location), (ii) data-driven activation (e.g., activated 
when appropriate input data is available), (iii) priority activation (e.g., an attempt to 
activate a preferred FOM is first performed, and if unsuccessful, or a result 
unsatisfactory, then an attempt at activating a different second FOM is performed), (iv) 
"most recent location" (e.g., for obtaining the most recently determined MS location). 

Yet an other objective of the present invention is to provide, in combination 
with MS wireless location estimates, one or more of: 

i. dimensional information such as an indication as to whether the location is in 
two dimensions (e.g., generally corresponding to a location on a two 
dimensional representation of a geographical area) or three dimensions 
(e.g., additionally having an elevation component corresponding to a 
floor in a high rise building above or below the surrounding terrestrial 
surface), 

ii. timing information such as a timestamp indicative of when the MS is 

presumed to have been at a corresponding estimated location (e.g., 
generally, when corresponding wireless signal measurements were first 
obtained), 

iii. MS movement information such as velocity, direction of movement, 

acceleration, 

iv. performance information indicating, e.g., a likely accuracy and/or reliability 

of the corresponding location estimate, and/or likely variance in the 
location estimate (such variance may be different along different 



dimensions, particularly elevation), and/or status information indicative 
of success or failure in locating the MS, 
V. billing information indicating, e.g., a cost for the location information and/or 
who is to be billed and/or itemizations of discounts, taxes or tariffs for 
the wireless location service performed, 
. vi. descriptive information as to who requested the location of the MS, 
vii. use permissions indicating who can access the MS location estimate, e.g., 
there may two MS location requests pending for the same MS, once a 
location estimate is determined one of the pending requests may be 
eligible for receiving the estimate while the other is not , network 
statistics, 

viii. descriptive information as to whether location enhancement techniques were 
used such as snap an estimated MS location to a nearest likely roadway 
(e.g., given an MS direction of travel, speed and previous location 
estimates), and/or 

ix. additional descriptive information such as identifying the location techniques 
used, the priority given to determining the MS location, the identity of 
location service provider(s) used in determining the MS location. 
Yet another object is to (or be able to) integrate into a wireless location 
gateway a large number of MS location techniques such as: 

(2. 1) time-of-arrival wireless signal processing techniques; 

(2.2) timing advance techniques (e.g., as provided in the GSM wireless 
standard); 

(2.2) time-difference-of-arrival wireless signal processing techniques; 

(2.3) adaptive wireless signal processing techniques having, for example, 
learning capabilities and including, for instance, artificial neural net 
and/or genetic algorithm processing; 

(2.4) signal processing techniques for matching MS location signals with 
wireless signal characteristics of known areas; 



(2.5) conflict resolution techniques for resolving conflicts in hypotheses 
for MS location estimates; 

(2.6) techniques for enhancing MS location estimates through the use of 
both heuristics and historical data associating MS wireless signal 
characteristics with known locations and/or environmental 
conditions; 

(2.7) angle of arrival techniques (also denoted direction of arrival) for 
estimating an angle and/or direction of wireless signals transmitted 
from an MS; 

(2.8) location techniques that use satellite signals such as GPS signals 
received at the MS; e.g., network assisted GPS location techniques, 
or non-network assisted GPS location techniques; 

(2.9) wireless location techniques that use Doppler, phase coherency, and 
other signal characteristics for determining MS location, MS. 
velocity and MS direction of movement; 

(2. 10) calibration techniques that utilize wireless signal measurement 
survey data (e.g., signal measurements at verified geographical 
locations) for adjusting or calibrating a wireless location technique 
according to such survey data of a coverage area; 

(2.1 1) hybrid wireless location techniques that combine two or more of the 
above location techniques (2.1) - (2.10) or other wireless location 
techniques. 

A related object is to integrate handset centric, network centric and hybrid 
systems so that the problems identified hereinabove are mitigated. 

Note that it is a further objective of the present invention to provide a ''ping 
and play" capability for new wireless location estimators and wireless location 
requesting application, wherein new location estimators and/or application can be 
easily incorporated into an embodiment of the present invention. For example, such 
plug and play capability may include providing an interface that allows substantially 
automatic integration of new FOMs, wherein such integration maybe at a centra! site 



or at a mobile unit such as an MS. Regarding integration into a mobile unit, such a 
plug and play capabihty may be particularly important in military contexts where data 
fusion may be required. For example, in a battlefield context it may be desirable to 
have a relatively small number of command units (mobile or otherwise) that are in 
5 contact with a higher level chain of command and/or provide battlefield analysis 
applications. However, if one or more of the command units (e.g., soldiers, tanks, 
helicopters, etc.) are disabled or otherwise are unable to properly communicate it may 
that software embodiments of wireless location technologies and/or certain 
applications requiring wireless locations must be able to migrate between the 

10 command units to thereby maintain appropriate battlefield communications and/or 

combat coordination. More particularly, military applications that, once provided with 
locations of friendly and enemy units, analyze a global or overall view of a battlefield 
may be computationally intensive enough so that it is not be practical to have such 
applications reside on every mobile unit, even though it may be necessary for such 

15 applications to migrate between mobile units according to casualties and other 
computational tasks and/or security constraints that can dynamically arise. 

Yet another object is to provide novel applications for wireless location that 
benefit from an integration of different location techniques. 

Yet another object of the present invention is to provide a wireless platform 

20 that may be used substantially uniformly across a large number of wireless , 

applications, and in particular, wireless applications that utilize wireless location. 

DEFINITIONS 

The following definitions are provided for convenience. In general, the 
definitions here are also defined elsewhere in this document as well. 
25 (3.1) The term "wireless" herein is, in general, an abbreviation for "digital wdreless", 
and in particular, "wireless" refers to digital radio signaling using one of standard 
digital protocols such as Advanced Mobile Phone Service (AMPS), Narrowband 
Advanced Mobile Phone Service (NAMPS), code division multiple access (CDMA) 
and Time Division Multiple Access (TDMA), Global Systems Mobile (GSM), and 



time division multiple access (TDMA) as one skilled in the art will understand. 
However, other wireless protocols are also within the scope of the present invention in 
that the invention is not dependent upon a particular wireless signaling convention. 
Additionally, it is intended that the scope of the invention also encompass analog 
5 signal transmissions to the extent permissible, and in some contexts may also include 
signals in band widths other than radio such as optical and infrared. 

(3.2) As used herein, the term "mobile station" (equivalently, MS) refers to a 
wireless device that is at least a transmitting device, and in most cases is also a 
wireless receiving device, such as a portable radio telephony handset. Note that in 

10 some contexts herein instead of, or in addition to, MS, the following terms are also 
used: "personal station" (PS), and "location unit" (LU) or mobile unit. In general, 
these terms may be considered synonymous. Note that examples of various MSs are 
identified in the Background section above. 

(3.3) The terms, "wireless infrastructure" (or simply "infrastructure"), denotes one ^ 
15 or more of; (a) a network for one or more of telephony communication services, (b) a 

collection of conmionly controlled transceivers for providing wireless communication 
with a plurality of MSs, (c) the wireless Internet or portions thereof, (d) that portion of 
communications network that receives and processes wireless cornmunications with 
wireless mobile stations. In particular, this infrastructure may in one embodiment 

20 include: (i) telephony wireless base stations (BS) such as those for radio mobile 
communication systems based on CDMA, AMPS, NAMPS, TDMA, and GSM 
wherein the base stations provide a network of cooperative communication channels 
with an air interface to the MS, and (ii) a conventional telecommunications interface 
with a Mobile Switch Center (MSC). Thus, an MS user within an area serviced by the 

25 base stations may be provided with wireless communication throughout the area by . 
user transparent communication transfers (i.e., "handoffs") between the user's MS and 
these base stations in order to maintain effective telephony service. The mobile switch 
center (MSC) provides communications and control connectivity among base stations 
and the public telephone network. Note that in some contexts (e.g., military and/or 



emergency) at least some of the MSs may also provide base station capabilities such as 
receiving and transmitting communications between two other MSs, e.g., wherein 
these two other MSs may be out of range for communicating directly with one another. 

(3.4) The phrase, "composite wireless signal characteristic values" denotes the 
5 result of aggregating and filtering a collection of measurements of wireless signal 

samples, wherein these samples are obtained from the wireless communication 
between an MS to be located and the base station infrastructure (e.g., a plurality of 
networked base stations). However, other phrases are also used herein to denote this 
collection of derived characteristic values depending on the context and the likely 

10 orientation of the reader. For example, when viewing these values from a wireless 
signal processing perspective of radio engineering, as in the descriptions of the 
subsequent Detailed Description sections concerned with the aspects of the present 
invention for receiving MS signal measurements from the base station infrastructure, 
the phrase typically used is: "RF signal measurements". Alternatively, from a data 

15 processing perspective, the phrases: "location signature cluster" and "location signal 
data" are used to describe signal characteristic values between the MS and the plurality 
of infrastructure base stations substantially simultaneously detecting MS 
transmissions. Moreover, since the location communications between an MS and the 
base station infrastructure typically include simultaneous communications with more 

20 than one base station, a related useful notion is that of a. "location signature" (also 
denoted "loc sig" herein) which is the composite wireless signal characteristic values 
for signal samples between an MS (e.g., to be located) and a single base station. Also, 
in some contexts, the phrases: "signal characteristic values" or "signal 
characteristic data" are used when either or both a location signature(s) and/or a 

25 location signature cluster(s) are intended. 

(3.5) The phrases "profile", "subscriber profile", and "user profile", in general, will 
be used interchangeably. These phrases denote network a collection of information 
residing on a network to which the user subscribes or is registered to receive network 
services. In most cases, it is believed that a user will have such a network profile, 



wherein it may include substantially any user information that is required to allow or 
prohibit access, activation, or fulfillment of one or more network services by the user, 
or by another user where the requested service by the other user requires accessing 
information about the user that is identified as being confidential or private. 

5 SUMMARY DISCUSSION 

The present invention relates to a method and system for performing wireless 
mobile station location and using resulting locations in services provided to wireless 
subscribers. In one aspect, the present invention is a wireless mobile station location 
computing method and system that utilizes multiple wireless location computatioiial . 

10 estimators (these estimators also denoted herein as MS location hypothesizing 
computational models, "first order models", FOMs, and/or "location estimating 
models"), for providing location estimates of a target mobile station MS. Moreover, in 
the event that ambiguities and/or conflicts between the location estimates arise, such 
ambiguities and/or conflicts may be effectively and straightforwardly resolved. 

1 5 Moreover, the present invention provides a technique for calibrating the performance 
of each of the location estimators so that a confidence value (e.g., a probability) can be 
assigned to each generated location estimate. Additionally, the present invention 
provides a straightforward technique for using the confidence values (e.g., 
probabilities) for deriving a resulting most likely location estimate of a target wireless 

20 mobile station- 
In one aspect, the present invention relates to a novel computational method 
and architecture for synergistically combining the results of a plurality of 
computational models in a straightforward way that allows the models to be calibrated 
relative to one another so that differences in results generated by the models can be 

25 readily resolved. Accordingly, the computational method and architecture of the 
present invention may be applied to a wide range applications where synergies 
between multiple models is expected to be enhance performance. 

In another more general aspect of the present invention, its multiple model 
gateway architecture may used for other application domains beyond wireless location. 



For example, application domains related to evaluating, diagnosing, monitoring and/or 
predicting a condition or state of affairs in the application domain. For example, such 
application domains can be in the areas of medical, electronic, and/or network 
evaluation, diagnosis, monitoring and/or prediction. However, other application 
domains are within the scope of the invention. 

To further elaborate, for a particular application domain and a corresponding 
particular application having access to a plurality of computational models (each 
generating a hypothetical estimate or evaluation of a desired result(s) from/in a space 
of hypothesis results), the present invention may be described, at a high level, as any 
method or system that performs the following steps: 

(4.1 .1) A step of determining a classification scheme for determining an input 
class (C) for each input data set obtained for a condition or state of 
affairs to be evaluated by the particular application, wherein this input 
data set (or portions thereof) are to be supplied to the plurality of 
computational models (FOMs). For determining each input class, there 
is a range, Rc, of a plurality of ranges, from a space (the hypothesis 
space) of possible resulting hypotheses (or evaluations) that could be 
output by the FOMs. The the input data sets of this input class C are 
identified as those input data sets that are expected to have their 
corresponding desired result(s), generated by the particular application, 
in the range R. 

Some examples will be illustrative. For a wireless location 
system as the "particular application", the present step, in one 
embodiment, determines geographical subareas of a wireless network 
coverage area that have "similar" wireless signal characteristics. Such 
subareas may be relatively easy to determine, and there may be no 
constraint on the size of the subareas. The intention is to determine: (a) 
such a subarea as only a general area where a target MS to be located 
must reside, and (b) the subarea should be relatively homogeneous 



regarding at least one wireless signaling characteristic. Accordingly, in 
one embodiment of the present step, (a) and (b) are believed to be 
substantially satisfied by grouping together into the same input class the 
wireless signal data sets (i.e., input data sets) from corresponding target 
MS locations wherein at each of the target MS locations: (i) the set of 
base stations detected by the target MS (at the location) is substantially 
the same, and/or (b) the set of base statioris detecting the target MS is 
substantially the same set of base stations. 

Classification schemes in other application domains are also 
within the scope of the present step. For example, in diagnosis 
applications (e.g., medical, electronic, network, electromechanical), 
symptoms (e.g., input data sets) are generally classified according to 
their corresponding diagnoses. Also, in automated or electronic scene, 
object or image recognition such classification schemes may be used. 

In some application domains, the present step may in viewed as 
a pre-filter or pre-selection capability for reducing subsequent 
computational overhead, e.g., so that only appropriate FOMs are 
activated (such appropriateness may be as much a function of 
economics and/or contractual agreements as it is the input data set 
available and the FOMs that are available). 

Note that more complex classifications, there are numerous 
techniques and commercial packages for determining such a 
classification scheme. In particular, the statistically based system, 
"CART" (acronym for Classification and Regression Trees) by 
ANGOSS Software International Limited of Toronto, Canada is one 
such package. Further, note that this step is intended to provide reliable 
but not necessarily highly accurate ranges R for the desired results. 
Also note that in some applications there may be only a single input 
class. Accordingly, in this latter case the present step may be omitted 
entirely. 



(4.1 .2) A step of calibrating each of the plurality of computational models 
(FOMs) so that each subsequent hypothesis generated by one of the 
models has a confidence value (e.g., probability or other measurement) 
associated therewith that is indicative of the likeliness of the hypothesis 
being correct. The calibrating of this step is performed using the 
classes of the input classification scheme determined in the above step 
(4. 1.1). Note that there may be only a single class (such as if step 
(4.1 . 1) were omitted). In one embodiment of present step, each FOM is 
supplied with inputs from a given fixed input class, wherein each of 
these inputs are for a known condition (or state of affairs) and/or a 
condition that can be, verified as to its identity. In particular, the 
identity of the known condition constitutes a "correct" hypothesis (i.e., 
a desired result) with which outputs from FOMs can be compared 
and/or further processed. Subsequently, the performance of each model 
is determined for the input class and a confidence value is assigned to 
the model for inputs received from the input class. Note that this 
procedure is repeated with each input class available from the input 
classification scheme. In performing this procedure, an application 
domain specific criteria is used to determine whether the hypotheses 
generated by the models idenfify the desired results in the hypothesis 
space. Accordingly, for each of the models, when supplied with an 
input data set from a fixed input class, the hypothesis generated by the 
inodel will be given the confidence value determined for this input 
class as an indication of the likelihood of the generated hypothesis 
being correct (i.e., the desired result). Note that the confidence value 
for each generated hypothesis may be computed as a probability that the 
hypothesis is correct. , 

Note that for a wireless locafion application, the criteria (in one 
embodiment) is whether a location hypothesis contains the actual 
location where the MS was when the corresponding input data set 



' (wireless signal measurements) were communicated between this MS 
and the wireless network. 

For applications related to the diagnosis of electronic systems, 
this criteria may be whether an hypothesis identifies a proper functional 
unit such as a circuit board or chip. 

For economic forecasting applications, this criteria may be 
whether an hypothesis is within a particular range of the correct 
hypothesis. For example, if an application according to the present 
invention predicts the U.S. gross national product (GNP) six months 
into the fixture according to certain inputs (defining input data sets), 
.then hypotheses generated from historical data that has associated 
therewith the actual corresponding GNP (six months later), may be 
used for calibrating each of the plurality of economic forecasting 
models (FOMs). Thus, the application specific criteria for this case 
may be that a generated hypothesis is within, say, 1 0% of the actual . 
corresponding six month GNP prediction. 

For identifying a known object such as an air or space bome, 
terrestrial vehicle, or watercraft, the criteria may be whether an 
hypothesis actually identifies the object. 

For geophysical analysis applications (e.g., for identifying 
and/or classifying and/or mapping mineral deposits, oil, aquifers or 
seismic faults), the criteria may be whether an hypothesis provides a 
correct analysis. 

Note that the applications described herein are illustrative, but 
not comprehensive of the scope of the present invention. Further note 
that this step typically is performed at least once prior to inputting input 
data sets whose resulting hypotheses are to be used to determine the 
desired or correct results. Additionally, once an initial calibration has 
been performed, this step may also be performed: (a) intermittently 
between the generation of hypotheses, and/or (b) substantially 



continuously and in parallel with the generation of hypotheses by the 
models. 

(4.1 .3) A step of providing one or more input data sets to the models (FOMs) 
for generating a plurality of hypotheses, wherein the result(s) desired to 
be hypothesized are unknown. Moreover, note that the generated 
hypotheses are preferred to have a same data structure definition. 

For example, for a wireless location system, the present step 
provides an input data set including the composite signal characteristic 
values to one or more MS location hypothesizing computational 
models, wherein each such model subsequently determines one or more 
initial estimates (also, denoted location hypotheses) of the location of 
the target MS. Note that one or more of these model may be based on, 
for example, the signal processing techniques 2.1 through 2.3 above. 

(4.1.4) A step of adjusting or modifying the generated hypotheses output by the 
models, wherein for such an hypothesis, adjustments may be performed 
on one or both of its hypothesized result H.R, and its confidence value 
for further enhancing the performance of the present invention. In one 
embodiment of this step, H.R is used as an index to retrieve other 
results from an archival database, wherein this database associates 
hypothesized results with their corresponding desired or correct results. 
Thus, H.R may be used to identify data from other archived 
hypothesized results that are "nearby" to H.R, and subsequently use the 
nearby data to retrieve the corresponding desired results. Thus, the set 
of retrieved desired results may be used to define a new "adjusted" 
hypothesis. 

For example, for a wireless location system utilizing the present 
invention, each location hypothesis, H, identifies an area for a target 
MS, and H can used to identify additional related locations included in 
archived hypotheses generated by the same FOM as generated H. For 
instance, such related locations may be the area centroids of the 



archived hypotheses, wherein these centroids reside within the area 
hypothesized by H. Accordingly, such centroids may be used to 
retrieve the corresponding actual verified MS locations (i.e., the 
corresponding desired results), and these retrieved verified locations 
may be used to generate a new adjusted area that is likely to be more 
accurate than H. In particular, a convex hull of the verified locations 
may be used as a basis for determining a new location hypothesis of the 
target MS. Moreover, this aspect of the invention may include the 
preprocessing of such adjustments throughout a wireless coverage area 
to produce a geolocation vector gradient field, wherein for each 
archived hypotheses H (having Lh as an MS location estimate) for a 
designated FOM, throughout the coverage area, a corresponding 
verified location version VLh is determined. Subsequently, the 
adjustment vector AVh = (VLh - Lh) is determined as one of the 
adjustment vectors of the vector gradient field. Thus, Lh and AVh are 
associated in the data archive as a record of the vector gradient field. 
Accordingly, when a location hypothesis HO for a target MS at an 
unknown location is generated (the hypothesis HO having LO as the 
target MS location estimate), records within the vector gradient field 
having their corresponding location Lh "near" LO, (e.g., within area of a 
predetermined distance about LO or a "neighborhood: of LO) can be 
retrieved. Accordingly, an adjustment to LO can be determined as a 
function of of the Lh and AVh values of the retrieved records. Note 
that an adjustment to LO may be simply an average of these AVh 
vectors for the retrieved records. Alternatively, the AVh values may be 
weighted such that the AVh having Lh closer to LO are more influential 
in the resulting derived location for the target MS. More generally, the 
adjustment technique includes a method for interpolating an adjustment 
at LO from the verified adjustments at locations about LO. 
Enhancements on such adjustment/interpolation techniques are also 



within the scope of the present invention. For example, the weightings 
(or other terms of an such an interpolation technique) may be combined 
with other known wireless signal characteristics of the area such as an 
identification of: (a) a known sharp change in the geolocation gradient 
vector field, and/or (b) a subarea having reduced wireless transmission 
capabilities, and/or (c) a subarea wherein the retrieved records for the 
subarea have their estimates Lh widely spaced apart, and/or (d) a 
subarea wherein there is an insufficient number of retrieved records. 

For other application domains, the present step requires a first 
technique to determine both "nearby" archived data from previously 
archived hypotheses, and a second technique to determine an "adjusted" 
hypothesis from the retrieved desired results. In general, such 
techniques can be relatively straightforward to provide when the 
hypothesized results reside in a vector space, and more particularly, in a 
Cartesian product of the real numbers. Accordingly, there are 
numerous applications that can be configured to generate hypothesized 
results in a vector space (or Cartesian product of the real numbers). For 
instance, economic financial forecasfing applications typically result in 
numeric predictions where the first and second techniques can be, e.g., 
substantially identical to the centroid and convex hull techniques for the 
wireless location application.; and 
(4.1.5) A step of subsequently computing a "most likely" target MS location 

estimate is computed, for outputting to a location requesting application 
such as 91 1 emergency, the fire or police departments, taxi services, 
etc. Note that in computing the most likely target MS location estimate 
a plurality of location hypotheses may be taken into account, hi fact, it 
is an important aspect of the present invention tiiat the most likely MS 
location estimate is determined by computationally forming a 
composite MS location estimate utilizing such a plurality of location 



hypotheses so that, for example, location estimate similarities between 
location hypotheses can be effectively utilized. 
Referring to (4. 1 .3) there may be hypotheses for estimating not only desired 
result(s), but also hypotheses may be generated that indicate where the desired result(s) 

5 is not. Thus, if the confidence values are probabilities, an hypothesis may be 

generated that has a very low (near zero) probability of having the desired result. As 
an aside, note that in general, for each generated hypothesis, H, having a probability, P, 
there is a dual hypothesis H'' that may be generated, wherein the H'' represents the 
complementary hypothesis that the desired result is in the space of hypothesized 

10 results outside of H. Thus, the probability that the desired result(s) is outside of the 
result hypothesized by H is 1-P. Accordingly, with each location hypothesis having a 
probability favorably indicating where a desired result may be (i.e., P >= 0.5), there is 
a corresponding probability for the complement hypothesis that indicates where the 
desired result(s) is unlikely to be. Thus, applying this reasoning to a wireless location 

1 5 application utilizing the present invention, then for an hypothesis H indicating that the 
target MS is in a geographical area A, there is a dual location estimate H'' that may be 
generated, wherein the H"" represents the area outside of A and the probability that the 
target MS is outside of A is 1-P. Thus, with each location hypothesis having a 
probability favorably indicating where a target MS may be (i.e., P >= 0.5), there is a 

20 corresponding probability for the complement area not represented by the location 
hypothesis that does not favor the target MS being in this complement area. Further, 
note that similar dual hypotheses can be used in other applications using the multiple 
model architecture of the present invention when probabilities are assigned to 
hypotheses generated by the models of the application. 

25 Referring to (4. 1 .3) as it relates to a wireless location system provided by the 

present invention, note that, it is an aspect of the present invention to provide location 
hypothesis enhancing and evaluation techniques that can adjust target MS location 
estimates according to historical MS location data and/or adjust the confidence values 
of location hypotheses according to how consistent the corresponding target MS 

30 location estimate is: (a) with historical MS signal characteristic values, (b) with 



various physical constraints, and (c) with various heuristics. In particular, the 
following capabilities are provided by the present invention: 

(5.1) a capability for enhancing the accuracy of an initial location hypothesis, 
H, generated by a first order model, FOMh, by using H as, essentially, a 
query or index into an historical data base (denoted herein as the location 
signature data base). Note, this data base may include: (a) a plurality of 
previously obtained location signature clusters (i.e., composite wireless 
signal characteristic values) such that for each such cluster there is an 
associated actual or verified MS locations where an MS communicated 
with the base station infrastructure for locating the MS, and (b) previous 
MS location hypothesis, estimates from FOMh derived from each of the 
location signature clusters stored according to (a). Alternatively this data 
base include a location error gradient field for the know location errors 
for FOMh; 

(5.2) a capability for analyzing composite signal characteristic values of 
wireless communications between the target MS and the base station 
infrastructure, wherein such values are compared with composite signal 
characteristics values of known MS locations (these latter values being 
archived in the location signature data base). In one instance, the 
composite signal characteristic values used to generate various location 
hypotheses for the target MS are compared against wireless signal data of 
known MS locations stored in the location signature data base for 
determining the rehability of the location hypothesizing models for 
particular geographic areas and/or environmental conditions; 

(5.3) a capability for reasoning about the likeliness of a location hypothesis 
wherein this reasoning capability uses heuristics and constraints based on 
physics and physical properties of the location geography; 

(5.4) an hypothesis generating capability for generating new location 
hypotheses from previous hypotheses. 



As also mentioned above in (2.3), the present invention may utilize adaptive 
signal processing techniques. One particularly important utilization of such techniques 
includes the automatic tuning of the present invention so that, e.g., such tuning can be 
applied to adjusting the values of location processing system parameters that affect the 
5 processing performed by the present invention. For example, such system parameters 
as those used for determining the size of a geographical area to be specified when 
retrieving location signal data of known MS locations from the historical (location 
signature) data base can substantially affect the location processing- In particular, a 
system parameter specifying a minimum size for such a geographical area may, if too 
10 large, cause unnecessary inaccuracies in locating an MS. Accordingly, to accomplish a 
tuning of such system parameters, an adaptation engine is included in the present 
invention for automatically adjusting or tuning parameters used by the present 
invention. Note that in one embodiment, the adaptation engine is based on genetic 
algorithm techniques. 

15 The present invention may include one or more FOMs that may be generally 

denoted as classification models wherein such FOMs are trained or calibrated to 
associate particular composite wireless signal characteristic values with a 
geographical location where a target MS could likely generate the wireless signal 
samples from which the composite wireless signal characteristic values are derived. 

20 Further, the present invention may include the capability for training and retraining 
such classification FOMs to automatically maintain the accuracy of these models even 
though substantial changes to the radio coverage area may occur, such as the 
construction of a new high rise building or seasonal variations (due to, for example, 
foliage variations). As used herein, "training" refers to iteratively presenting "training 

25 data" to a computational module for changing the behavior of the module so that the 
module may perform progressively better as it learns appropriate behavioral responses 
to the training data. Accordingly, training may include, for example, the repeated 
input of training data to an artificial neural network, or repeated statistical regression 
analyses on different and/or enhanced training data (e.g., statistical sample data sets). 

30 Note that other embodiments of a trained pattern matching FOMs for wireless location 



are disclosed in U.S. Patent 6,026,304, titled "Radio Transmitter Location Finding for 
Wireless Commumcation Network Services and Management," filed Jan. 8, 1997 and 
issued Feb. 15, 2000, having Hilsenrath and Wax as inventors, this patent being 
incorporated herein fully by reference. 

5 It is well known in the wireless telephony art that the phenomenon of signal 

multipath and shadow fading renders most analytical location computational 
techniques such as time-of-arrival (TO A) or time-difference-of-arrival (TDOA) 
substantially error prone in urban areas and particularly in dense urban areas without 
further statistical correlation processing such as such super resolution as disclosed in 

10 U.S. patent 5,890,068 by Fattouche et. al. issued on Mar. 30, 1999 and incorporated 
fully herein by reference. Moreover,, it may be the case that even though such 
additional processing is performed, the multipath phenomenon may still be 
problematic. However, this same multipath phenomenon also may produce 
substantially distinct or peculiar signal measurement patterns, wherein such a pattern 

15 coincides with a relatively small geographical area. Thus, the present invention may 
include a FOM(s) utilize multipath as an advantage for increasing accuracy. . 
Moreover, it is worthwhile to note that the utilization of classification FOMs in high 
multipath envirormients is especially advantageous in that high multipath 
environments are typically densely populated. Thus, since such environments are also 

20 capable of yielding a greater density of MS location signal data from MSs whose 
actual locations can be obtained, there can be a substantial amount of training or 
calibration data captured by the present invention for training or calibrating such 
classification FOMs and for progressively improving the MS location accuracy of such 
models. 

25 It is also an aspect of the present invention that classification FOMs may be 

utilized that determine target MS locations by correlafing and/or associating network 
anomalous behavior with geographic locations where such behavior occurs. That is, 
network behaviors that are problematic for voice and/or data communication may be 
used advantageously for locating a target MS, For example, it is well known that 

30 wireless networks typically have within their coverage areas persistent subareas where 



voice quality is problematic due to, e.g., measurements related to high total errors, a 
high error rate, or change in error rate. In particular, such measurements may be 
related to frame error rates, redundancy errors, co-channel interference, excessive 
handoffs between base stations, and/or other call quality measurements. Additionally, 
5 measurements may be used that are related to subareas where wireless communication 
between the network and a target MS is not sufficient to maintain a call (i.e., 
"deadzones"). Thus, information about such so called problematic behaviors may 
used by, e.g., a location estimator (FOM) to generate a more accurate estimate of a 
target MS. For example, such network behavioral measurements may be provided for 

10 training an artificial neural network and/or for providing to a statistical regression 
analysis technique and/or statistical prediction models (e.g., using principle 
decomposition, partial least squares, or other regression .techniques) for associating or 
correlating such measurements with the geographic area for which they likely derive. 
Moreover, note that such network behavioral measurements can also be used to reduce 

15 the likelihood of a target MS being in an area if such measurements are not what 
would be expected for the area. 

It is also an aspect of the present invention that FOMs themselves may be 
hybrid combinations of MS location techniques. For example, an embodiment of the 
present invention may include a FOM that uses a combination of Time Difference of 

20 Arrival' (TDOA) and Timing Advance (TA) location measurement techniques for 
locating the target MS, wherein such a technique may require only minor 
modifications to the wireless infrastructure. In particular, such a FOM may provide 
reduced MS location errors and reduced resolution of ambiguities than are present 
when these techniques are used separately. One embodiment of such a FOM (also 

25 denoted the Yost Model or FOM herein) is disclosed in U.S. Patent 5,987,329 filed 
July 30, 1997 and issued Nov. 16, 1999 titled: "System and Method for Mobile 
Telephone Location Measurement Using a Hybrid Technique" having Yost and 
Panchapakesan as inventors, this patent being fully incorporated herein by reference. 



Additionally, note that FOMs related to the Yost Model may also be 
incorporated into embodiments of the present invention wherein an elliptical search 
restriction location technique may also be utilized. In particular, such a technique is 
disclosed in U.S. patent application, having U.S. PatentNo. 5,930,71 7, and titled: 
5 "System and Method Using Elliptical Search Area Coverage in Determining the 

Location of a Mobile Terminal", filed Jul. 30, 1997, by Yost et. al. which is also fully 
incorporated by reference herein. 

It is also a related aspect of the present invention to include a plurality of 
stationary, low cost, low power "location detection base stations" (LBS), each such 

10 LBS having both restricted range MS detection capabilities, and a built-in MS. 
Accordingly, a grid of such LBSs can be utilized for providing wireless signaling 
characteristic data (from their built-in MSs) for; (a) (re)training such classification 
FOMs, and (b) calibrating the FOMs so that each generated location hypothesis has a 
reliable confidence value (e.g., probability) indicative of the likeliness of the target MS 

15 being in an area represented by the location hypothesis. 

It is a further aspect of the present invention that the personal communication 
system (PCS) infrastructures currently being developed by telecommunication 
providers offer an appropriate localized infrastructure base upon which to build 
various personal location systems (PLS) employing the present invention and/or 

20 . utilizing the techniques disclosed herein. In particular, the present invention is 
especially suitable for the location of people and/or objects using code division 
multiple access (CDMA) wireless infrastructures, although other wireless 
infrastructures, such as, time division multiple access (TDMA) infrastructures and 
GSM are also contemplated. CDMA general principles are described, for example, in 

25 U. S. Patent 5,1 09,390, to Gilhausen, et al, which is also incorporated herein by 
reference. 

As mentioned in (L7) and in the discussion of classification FOMs above, 
embodiments of the present invention may include components (e.g., FOMs) that can 
substantially automatically retrain themselves to compensate for variations in wireless 



1 



signal characteristics (e.g., multipath) due to environmental and/or topographic 
changes to a geographic area serviced by the present invention. For example, in one 
embodiment, the present invention optionally includes low^ cost, low power base 
stations, denoted location base stations (LBS) above, providing, for example, CDMA 
5 pilot channels to a very limited area about each such LBS. The location base stations 
may provide limited voice traffic capabilities, but each is capable of gathering 
sufficient wireless signal characteristics from an MS within the location base station's 
range to facilitate locating the MS. Thus, by positioning the location base stations at 
known locations in a geographic region such as, for instance, on street lamp poles and 

10 road signs, additional MS location accuracy can be obtained. That is, due to the low 
power signal output by such location base stations, for there to be signaling control 
communication (e.g., pilot signaling and other control signals) between a location base 
station and a target MS, the MS must be relatively near the location base station. 
Additionally, for each location base station not in communication with the target MS, 

15 it is likely that the MS is not near to this location base station. Thus, by utilizing 
information received from both location base stations in communication with the 
target MS and those that are not in communication with the target MS, the present 
invention may substantially narrow the possible geographic areas within which the 
target MS is likely to be. Further, by providing each location base station (LBS) with a 

20 co-located stationary wireless transceiver (denoted a built-in MS above) having similar 
functionality to an MS, the following advantages are provided: 

(6.1) - assuming that the co-located base station capabilities and the stationary 
transceiver of an LBS are such that the base station capabilities and the stationary 
transceiver communicate with one another, the stationary transceiver can be signaled 

25 by another component(s) of the present invention to activate or deactivate its 

associated base station capability, thereby conserving power for the LBS that operate 
on a restricted power such as solar electrical power; 

(6.2) ■ the stationary transceiver of an LBS can be used for transferring target MS 
location information obtained by the LBS to a conventional telephony base station; 



(6.3) since the location of each LBS is known and can be used in location 
processing, the present invention is able to (re)train itself in geographical areas having 
such LBSs. That is, by activating each LBS stationary transceiver so that there is 
signal communication between the stationary transceiver and surrounding base stations 
5 within range, wireless signal characteristic values for the location of the stationary 
transceiver are obtained for each such base station. Accordingly, such characteristic 
values can then be associated with the known location of the stationary transceiver for 
training various of the location processing modules of the present invention such as the 
classification FOMs discussed above. In particular, such training and/or calibrating 
10 may include: 

(i) (re)training FOMs; , 

(ii) adjusting the confidence value initially assigned to a location 
hypothesis according to how accurate the generating FOM is in estimating the location 
of the stationary transceiver using data obtained from v^reless signal characteristics of 

15 signals between the stationary transceiver and base stations with which the stationary 
transceiver is capable of communicating; 

(iii) automatically updating the previously mentioned historical data base 
(i.e., the location signature data base), wherein the stored signal characteristic data for 
each stationary transceiver can be used for detecting environmental and/or 

20 topographical changes (e.g., a newly built high rise or other structures capable of 
altering the multipath characteristics of a given geographical area); and 

(iv) tuning of the location system parameters, wherein the steps of: (a) 
modifying various system parameters and (b) testing the performance of the modified 
location system on verified mobile station location data (including the stationary 

25 transceiver signal characteristic data), these steps being interleaved and repeatedly 
performed for obtaining better system location accuracy within useful time 
constraints. 

One embodiment of the present invention utilizes a mobile (location) base 
station (MBS) that can be, for example, incorporated into a vehicle, such as an 
30 ambulance, police car, or taxi. Such a vehicle can travel to sites having a transmitting 



target MS, wherein such sites may be randomly located and the signal characteristic 
data from the transmitting target MS at such a location can consequently be archived 
with a verified location measurement performed at the site by the mobile location base 
station. Moreover, it is important to note that such a mobile location base station as its 
5 name implies also includes base station electronics for communicating with mobile 
stations, though not necessarily in the manner of a conventional infrastructure base 
station. In particular, a mobile location base station may (in one embodiment) only 
monitor signal character sties, such as MS signal strength, from a target MS without 
transmitting signals to the target MS. Alternatively, a mobile location base station can 

10 periodically be in bi-directional communication with a target MS for determining a 
signal time-of-arrivai (or time-difference-of-arrival) measurement between the mobile 
location base station and the target MS. Additionally, each such mobile location base 
station includes components for estimating the location of the mobile location base 
station, such mobile location base station location estimates being important when the 

15 mobile location base station is used for locating a target MS via, for example, time-of- 
arrival or time-difference-of-arrival measurements as one skilled in the art will 
appreciate. In particular, a mobile location base station can include: 

(7.1) a mobile station (MS) for both communicating with other components of the 
present invention (such as a location processing center included in the present 

20 invention); 

(7.2) a GPS receiver for determining a location of the mobile location base station; 

(7.3) a gyroscope and other dead reckoning devices; and 

(7-4) devices for operator manual entry of a mobile location base station location. 

Furthermore, a mobile location base station includes modules for integrating or 
25 reconciling distinct mobile location base station location estimates that, for example, 
can be obtained using the components and devices of (7. 1) through (7.4) above. That 
is, location estimates for the mobile location base station may be obtained from: GPS 
satellite data, mobile location base station data provided by the location processing 
center, dead reckoning data obtained from the mobile location base station vehicle 



dead reckoning devices, and location data manually input by an operator of the mobile 
location base station. 

The location estimating system of the present invention offers many 
advantages over existing location systems. The present invention employs a number 
5 of distinctly different location estimators which provide a greater degree of accuracy 
and/or reliability than is possible with existing wireless location systems. For 
instance, the location models provided may include not only the radius-radius/TOA 
and TDOA techniques but also adaptive techniques such as artificial neural net . 
techniques and the techniques disclosed in the U.S. Patent 6,026,304 by Hilsenrath et. 

10 al. incorporated fully by reference herein, and angle or direction of arrival techniques 
as well as substantially any other wireless location technique wherein appropriate input 
data can be obtained. Note that hybrid location estimators based on combinations of 
such techniques (such as the location technique of U.S. Patent 5,987,329 by Yost et. 
al.) may also be provided by the present invention. 

15 . It is also an aspect of the present invention that various embodiments may 

provide various strategies for activating, within a single MS location instance, one or 
more location estimators (FOMs), wherein each such activated location estimator is 
provided with sufficient wireless signal data input for the activation. In one 
embodiment, one such strategy may be called "greedy" in that substantially as many 

20 location estimators may be activated as there is sufficient input (additionally, time and 
resources as well) for activation. Note that some wireless location techniques are 
dependent on specialized location related devices being operational such as fixed or 
network, based receivers, antennas, tranceivers, and/or signal processing equipment. 
Additionally note that some location techniques also require particular functionality to 

25 be operable in the MS; e.g., functionality for detecting one or more location related 
signals from satellites (more generally non-terrestrial transmitting stations). For 
example, the signals may be GPS signals. Accordingly, certain wireless location 
techniques may have their activations dependent upon whether such location related 
devices and/or MS functionality are available and operable for each instance of 

30 determining an MS location. Thus, for each MS wireless location instance, location 



estimators may be activated according to the operable features present during an MS 
location instance for providing input activation data. 

The present invention may be able to adapt to environmental changes 
substantially as frequently as desired. Thus, the present invention may be able to take 
5 into account changes in the location topography over time without extensive manual 
data manipulation. Moreover, the present invention can be utilized with varying 
amounts of signal measurement inputs. Thus, if a location estimate is desired in a very 
short time interval (e.g., less than approximately one to two seconds), then the present 
invention can be used with only as much signal measurement data as is possible to 

10 acquire during an initial portion of this time interval. Subsequently, after a greater 
amount of signal measurement data has been acquired, additional more accurate 
location estimates may be obtained. Note that this capability can be useful in the 
context of 91 1 emergency response in that a first quick coarse wireless mobile station 
location estimate can be used to route a 91 1 call from the mobile station to a 91 1 

15 emergency response center that has responsibility for the area containing the mobile 
station and the 911 caller. Subsequently, once the 91 1 call has been routed according 
to this first quick location estimate, by continuing to receive additional wireless signal 
measurements, more reliable and accurate location estimates of the mobile station can 
be obtained. 

20 Moreover, there are numerous additional advantages of the system of the 

present invention when applied in communication systems using, e.g., CDMA. The 
location system of the present invention readily benefits from the distinct advantages 
of the CDMA spread spectrum scheme. Namely, these advantages include the 
exploitation of radio frequency spectral efficiency and isolation by (a) monitoring 

25 voice activity, (b) management of two-way power control, (c) provisioning of 
advanced variable-rate modems and error correcting signal encoding, (d) inherent 
resistance to fading, (e) enhanced privacy, and (f) multiple "rake" digital data receivers 
and searcher receivers for correlation of signal multipaths. 

At a more general level, it is an aspect of the present invention to demonstrate 

30 the utilization of various novel computational paradigms such as: 



(8.1) providing a multiple FOM computational architecture (as illustrated in Fig. 8) 
wherein: 

(8. 1 . 1 ) the hypotheses may be generated by modular independent 
hypothesizing computational models (FOMs), wherein the FOMs have 
been calibrated to thereby output confidence values (probabilities) 
related to the likelihood of correspondingly generated hypotheses being 
correct; 

(8.1 .2) the location hypotheses from the FOMs may be further processed using 
additional amounts of application specific processing common or 
generic to a plurality of the FOMs; 

(8. 1 .3) the computational architecture may enhance the hypotheses generated 
by the FOMs both according to past performance of the models and 
according to application specific constraints and heuristics without 
requiring complex feedback loops for recalibrating one or more of the 
FOMs; 

(8.1 .4) the FOMs are relatively easily integrated into, modified and extracted 
from the computational architecture; and 

(8.2) providing a computational paradigm for enhancing an initial estimated solution 
to a problem by using this initial estimated solution as^ effectively, a query or 
index into an historical data base of previous solution estimates and 
corresponding actual solutions for deriving an enhanced solution estimate 
based on past performance of the module that generated the initial estimated 
solution. 

The multiple FOM architecture provided herein is useful in implementing 
solutions in a wide range of applications. In fact, most of the Detailed Description 
hereinbelow can be immediately translated into other application areas, as one skilled 
in the art of computer application architectures will come to appreciate. For example, 
the following additional applications are within the scope of the present invention: 
(9. 1 ) document scanning applications; 



(9.2) diagnosis and monitoring applications such as medical diagnosis/monitoring, 
communication network diagnosis/monitoring. Note that, in many cases, the 
domain wherein a diagnosis is to be performed has a canonical hierarchical 
order among the components within the domain. For example, in automobile 

5 diagnosis, the components of an auto may be hierarchically ordered according 

to ease of replacement in combination within function. Thus, within an auto's 
electrical system (function), there may be a fuse box, and within the fuse box 
there will be fuses. Thus, these components may be ordered as follows 
(highest to lowest): auto, electrical system, fuse box, fuses. Thus, if different 

10 diagnostic FOMs provided different hypotheses as to a problem with an auto, 

the confidence values for each component and its subcomponents maybe 
summed together to provide a likelihood value that the problem within the 
component. Accordingly, the lowest component having, for example, at least a 
minimum threshold of summed confidences can be selected as the most likely 

15 component for either further analysis and/or replacement. Note that such 

summed confidences may be normalized by dividing by the number of 
hypotheses generated from the same input so that the highest sumiried 
confidence is one and the lowest is zero. Further note that this example is 
merely representative of a number of different diagnosis and/or prediction 

20 applications to which the present invention is applicable, wherein there are 

components that have canonical hierarchical decompositions. For example, a 
technique similar to the auto illustration above may be provided for the 
diagnosis of computer systems, networks (LANs, WANs, Internet and 
telephony networks), medical diagnosis from, e.g., x-rays, MRIs, sonograms, 

25 etc; 

(9.3) robotics applications such as scene and/or object recognition. That is, various 
FOMs may process visual image input differently, and it may be that for 
expediency, an object is recognized if the summed confidence values for the 
object being recognized is above a certain threshold ; 



(9.4) seismic and/or geologic signal processing applications such as for locating oil 
and gas deposits; 

(9.5) recognition of terrestrial and/or airborne objects from satellites, wherein there 
may be various spectral bands monitored. 

(9.6) modeling of physical phenomena such as for assessing models of motion of 
physical phenomena through a fluid, wherein such motion causes an acoustic 
signal that traverses an uncertain path which received by sensors with uncertain 
biases, in the presense of noise. An example of such modeling using a multiple 
hypothesis architecture is disclosed in U.S. Patent No. 6,304,833, filed April 
27, 1999 by Ferkinhoff, et al. and incorporated fully herein by reference. 

(9.7) Additionally, note that this architecture need not have all modules co-located. 
In particular, it is an additional aspect of the present invention that various 
modules can be remotely located from one another and communicate with one 
another via telecommunication transmissions such as telephony technologies 
(ISDN, virtual private networks, POTS, DSL, etc.) and/or the Internet. 
Accordingly, the present invention is particularly adaptable to such distributed 
computing environments. For example, some number of the first order models 
may reside in remote locations and communicate their generated hypotheses 
via the Internet. 

In an alternative embodiment of the present invention, the processing following 
the generation of location hypotheses (each having an initial location estimate) by the 
first order models may be such that this processing can be provided on Intemet user 
nodes and the first order models may reside at various Intemet server sites, hi this 
configuration, an hitemet user may request hypotheses from such remote first order 
models and perform the remaining processing at his/her node. Moreover, 
embodiments of the present invention may access FOMs at sites distributed on other 
communication networks such as a local area network in a hotel, or an ad hoc network 
in a battlefield, military or emergency scenario. 

Additionally, note that h is within the scope of the present invention to provide 
one or more central location development or repository sites that may be networked to. 



for example, geographically dispersed location centers providing location services 
according to the present invention, wherein the FOMs may be accessed, substituted, 
enhanced or removed dynamically via network connections (via, e.g., the Internet or 
other network) with a central location development or repository site. Thus, a small 

5 but rapidly growing municipality in substantially flat low density area might initially 
be provided with access to, for example, two or three FOMs for generating location 
hypotheses in the municipality's relatively uncluttered radio signaling environment. 
However, as the population density increases and the radio signaling environment 
becomes cluttered by, for example, thermal noise and multipath, additional or 

10 alternative FOMs may be transferred via the network to the location center for the 
municipality. 

Note that in some embodiments of the present invention, since there may be a 
lack of sequencing between the FOMs and subsequent processing of hypotheses (e.g., 
location hypotheses, or other application specific hypotheses), the FOMs can be 

15 incorporated into an expert system, or another computational architecture for 

performing "intelligent" processing if desired. For example, for an expert system 
architecture, each FOM may be activated from an antecedent of an expert system rule. 
Thus, the antecedent for such a rule can evaluate to TRUE if the FOM outputs a 
location hypothesis, and the consequent portion of such a rule may put the output 

20 location hypothesis on a list of location hypotheses occurring in a particular time 

window for subsequent processing by the location center. Alternatively, activation of . 
the FOMs may be in the consequents of such expert system rules. That is, the 
antecedent of such an expert system rule may determine if the conditions are 
appropriate for invoking the FOM(s) in the rule's consequent. 

25 The present invention may also be configured as a blackboard system with 

intelligent agents (FOMs). In this embodiment, each of the intelligent agents is 
calibrated using archived data so that for each of the input data sets provided either 
directly to the intelligent agents or to the blackboard, each hypothesis generated and 
placed on the blackboard by the intelligent agents has a corresponding confidence 

30 value indicative of an expected validity of the hypothesis. 



Of course, other software architectures may also to used in implementing the 
processing of the location center without departing from scope of the present 
invention. In particular, object-oriented architectures are also within the scope of the 
present invention. For example, the FOMs may be object methods on an MS location 
5 estimator object, wherein the estimator object receives substantially all target MS 
location signal data output by the signal filtering subsystem. Alternatively, software 
bus architectures are contemplated by the present invention, as one skilled in the art 
will understand, wherein the software architecture may be modular and facilitate 
parallel processing. 

10 Wireless Application Platform Services and Architecture 

It is yet another aspect of the present invention to provide a platform or 
architecture for providing wireless application services to wireless subscribers. In 
particular, the present invention includes a service providing platform that is 
substantially uniform over a plurality of different wireless application services, and in 

15 particular wireless location based services,, and/or, short and/or instant messaging 
services, and in particularly in combination with Internet access for such services as 
mobile commerce (also known as "mcommerce"), personal communications with 
friends and family, wireless games, wireless assessment of an emergency situation 
(e.g., where voice data, picture data, e.g., from camera phones, as well as data 

20 transmissions from on-site emergency assessment and/or analysis equipment such as 
chemical analyzers, radiation analyzers, biochemical hazard analyzers, etc. 
Accordingly, this platform may be considered as a wireless location application hub, 
wherein a single instance (or substantially duplicate copies) of the platform can 
provide a plurality of different wireless services to wireless subscribers. In particular, 

25 such a platform can provide robust generic wireless data conimunication capabilhies 
that are required or desirable by a wide variety of wireless application services, and 
particularly services using wireless location capabilities. For example, such data 
communication capabilities provided by such a platform can include: 



user profile processing: E.g., (i) using user profile information for 
identifying and/or predicting information that is likely to be of 
interest to the user; (ii) gathering user profde information from not 
only receiving such profile information from the user, but also 
performing data mining operations on various public data sources for 
obtaining further user profile information about specific users as well 
as more general demographic profile information, and (iii) 
maintaining limitations or constraints on the content and/or types of 
information that can be stored in the user's profile, 
data encryption processing: E.g., encryption/decryption of a user's 
personal profile, encryption/decryption of a user's location (e.g., such 
user location encryption may be particularly advantageous in a user in 
a witness protection program). 

data privacy processing: E.g., there may be only certain individuals 
or designated agents that can view and/or modify a user's profile; 
additionally, there may be certain portions of a user's profile that can 
not be accessed without appropriate permissions (e.g., financial 
information, home address, social security number, etc.). Thus, 
various profile data items can be grouped together, wherein each such 
group may be provided with corresponding access permissions and/or 
restrictions. For example, there may be a first group of data items 
that can be accessed with substantially all access privileges of the 
user. Individuals and/or designated agents having this access may 
include: parents (e.g., where the user is under the age of say, 1 5), 
children of elderly parents. Optionally, a second smaller group of 
profile data items may include, e.g., some financial information, 
social security number, and other user identifications, wherein 
individuals and/or designated agents having access to this second 
group may include a spouse and/or close family members. 



optionally, a third group of profile data items may include: 
professional and/or some personal information that would be useful 
for a designated corporate agent that is, e.g., subsidizing the use of the 
mobile station. Such a corporate agent may be, e.g., the user's 
employer. Accordingly, the user's employer may be allowed to view 
mobile station use records, as well as modify restrictions on the 
services that can be accessed via the mobile station (e.g., Internet 
transmission of full length movies or other pay per view services). 
Other grouping of profile data items are, of course, possible such as a 
fourth grouping of user profile information related to personal or 
professional commercial transactions that the user may desire to 
perform, e.g., buy/sell a car, bicycle, or pair of shoes, buy/sell tickets 
to a particular event (sports event or other entertainment), buy/sell 
travel accomrnodations. Note that the fourth group may be only 
viewed by pre-authorized or pre-qualified agents, such as those 
identified individually and/or aggregately by the user or a user 
designated agent (such as an agent for an electronic yellow pages 
enterprise, an Internet search service, and/or an Internet product 
discounter). Optionally, another grouping of profile data items may 
be for an organization to which the user is affiliated such as a 
professional organization (e.g., American Medical Association, 
American Bar Association, or other professional organization). There 
may other profile data groups for religious, personal, and/or political 
organization user affiliations with correspond access privileges and 
restrictions. 

data exposure processing: E.g., for various inquiries for information 
about a user, the user may provide criteria about what information 
may be exposed. Thus, for an anonymous inquiry received due to, 
e.g., the location of the user, the user may provide criteria for 
exposing certain interests such as interests in cars, types of music, etc. 



Note the processing here may be similar to that of the data, privacy 
above, and in some embodiments may be substantial identical 
therewith. However, if sophisticated profile capabilities are 
accessible to mobile station users, inconsistencies can occur within 
such a profile wherein the user wishes to leave his/her profile groups 
unaltered, but still exercise additional control such as exclude all 
accesses from a particular person, and/or exclude all accesses for a 
particular period of time, and/or provide access to particular profile ^ 
data items for a particular time period or when the user is in a 
particular geographical location and/or when the accessing agent is in 
a particular geographical location or relationship to the user's 
geographical location. Thus, in one embodiment, the data exposure 
processing contemplated here may be a more dynamic version of the 
data privacy processing above, wherein, e.g., user location, time 
periods, and/or accessing agent location may be taken into account. 
Additionally and/or alternatively, the data exposure processing 
contemplated here may function as a profile access supervisor or 
controller that can override (temporarily or until countermanding 
input is provided) more stable long term profile access criteria such as 
the profile data groups and their corresponding access privileges 
and/or restrictions described above. 

Note that in one embodiment of the present invention, a 
network service provider or other authorized agent may provide 
predetermined groups of profile data together with corresponding 
access permissions/restrictions that allow the user to easily construct 
profile data groups (with their corresponding access 
permissions/restrictions) and assign individuals and/or categories of 
entities to such groups. Thus, the user may provide network input to 
create the first, second and fourth data profile groups described 
above. Subsequently, the user may be able to exclude all profile 



access by a particular organization, individual or business without the 
user modifying the profile groupings. 

It is important to note here that in the term "access" as used 
regarding profile data not only encompasses the discovery of such 
information network agents that may actively search user profiles for 
particular types of information, but also encompasses the active 
exposure of such profile data to selected enterprises, organizations, 
and/or individuals. In particular, a network service provider or other 
authorized agent may be granted permission to distribute portions of 
the user's profile to certain entities. For example, a user may request 
that his/her profile include information that he/she wishes to purchase 
a various brand names of expensive clothing, but only when these 
brands are on sale. Thus, such profile information may be actively 
distributed to selected businesses. 

constraint checking and rule activation processing: E.g., 
evaluating application specific conditions in a substantially uniform 
manner across a plurality of different application according to, e.g., 
data stored in a constraint database(s), a rule base(s), and/or a user 
profile database(s)), 

transaction processing: for certain wireless applications transaction 
based user interactions are most appropriate wherein there is the 
ability to initiate, commit, and roll back or undo a series of data 
communications as one skilled in the art will understand. Moreover, 
it is desirable that such a transaction processing capability provide for 
multilevel transacfions wherein one instance of a transaction can be 
within another, 

data synchronization: e.g., providing a duplicate copy of a collection 
of data from one point on a communications network to another point 
on the network. 



(h) event or transaction logging: e.g., for some wireless applications the 
interactions with users are sufficiently important to warrant storing a 
trace of such interactions, 

(i) common interfaces: e.g., substantially uniform interfaces between an 
embodiment of the wireless application platform of the present 
invention and both a plurality of wireless applications as well as users 
of such applications, 

(j) wireless location request triggering mechanisms: e.g., (i) for 

requesting the information related to users of nearby wireless mobiles 
when the requesting user is at a particular location or. area (e.g., at a 
ski resort, walking through a downtown area), or at a particular time 
of day; or (ii) for requesting periodic locations of persons (e.g., 
employees, salespersons, friends, relatives, etc) or assets (e.g., a 
furniture shipment), or sensitive materials (e.g., toxic wastes being 
transported across country), or (iii) providing wireless advertising or 
purchasing incentives. 
Moreover, an application platform according to the present invention may 
support such service functions as (a)-(j) immediately above via standard telephony 
and/or network functionality including WAP, BlueTooth, and other wireless (and 
wired) application protocols. It is important to note that the term WAP is being used 
generically to refer to any wireless Intemet protocol, including HDML and any future 
wireless Intemet protocols that may be developed. The following examples are 
provided of some competing technologies that for the purposes of the present 
description will be referred to generically as WAP. For instance, Web content may be 
delivered as existing HTML Intemet content for may be provided wirelessly as 
proposed by Spyglass' Prism technology or i-mode which is popular in Japan. As a 
further example, Intemet content can be processed through a template model that reads 
existing HTML content and fits the data to a template optimized for various types of 
wireless mobile stations such as the system proposed by Everypath.com. As another 



example, the data content can be delivered to a Palm Pilot or other PDA or handheld 
device that uses a proprietary protocoL Thus it is an aspect of the present invention to 
provide an inventive wireless application platform wherein applications can be 
substantially implemented by providing application specific data which can be used to 
5 drive the application processing performed by, e.g., the above listed functions. 

It is important to note that platform of the present invention is particularly 
useful for cost effectively and quickly making "complex" network services available to 
subscribers; e.g., network services that require far more additional network 
coordination and communication between various network components (of one or 

10 more different networks) than services such as voice and data communication, and 
various enhancements to these basic services. For example, for wireless location 
based services, at least the following network services and components must 
communicate appropriately for performing at least some of the following functions: (i) 
wireless signal measurements related to the target MS must be captured and routed to 

15 a wireless location entity for determining a location estimate of the target mobile 
station; (ii) a component such as a wireless location gateway, must determine what 
wireless location technology to activate to determine the target mobile station's 
location; moreover, such a determination is likely dependent upon the capabilities of 
the target mobile station, capabilities of wireless network (e.g., the wireless carrier 

20 with which the target mobile station is currently communicating) to support particular 
wireless location technologies, and/or the ability of the wireless carrier to 
communicate with particular wireless location service provider; (ill) billing for 
determining the location estimate must be determined; (iv) a location request may be 
received from various sources; (v) privacy and/or security issues must be resolved; (vi) 

25 location data representations may need to be resolved between a wdreless location 
providing service and a location based application; (vii) a capability for iteratively 
frequently performing such a wireless location may be required, and appropriate 
network provisioning allocated thereto such as in tracking a mobile station; (viii) 
wireless locations may require a verification capability such as a callback mechanism 



as described in International Patent Application PCTAJSOO/40989 titled 
"Geographically Constrained Network Services", filed Sept. 25, 2000 by Goldberg and 
Dupray and having International Publication No, WO 02/003, this reference being 
fully incorporated herein by reference; (ix) the location based application's output be 
5 may media rich in the sense that graphical and/or image representations may need to 
communicated to the user and/or to another network destination; thus, network 
congestion may occur due to increased network bandwidth required; (x) a wireless 
location based application may be only an intermediate step in enabling another 
application; e.g., in the Intemational Patent Application by Goldberg and Dupray cited 

10 above, a wireless location verification application may be performed prior to a 

wireless network financial transaction such as a wireless gaming wager to assure that 
the subscriber is in a location that allows such, or a download of a geographically 
restricted software product (e.g., a software product that can only be downloaded 
and/or utilized in a particular geographical region or country such as the U.S. or 

15 Canada due to, for instance, national security concerns and/or patent possible or other 
legal violations on the use of the software outside of the particular area); (xi) location 
based games are popular in some areas, and such games may also utilize short 
messaging services (SMS); thus, coordination and communication between the game 
application, a wireless location service provider, and the SMS provider must be 

20 performed; (xii) it is generally perceived that location based advertising is viewed with 
distain by subscribers since such advertising has been not much more than a location 
based broadcast vehicle for advertising; accordingly, what is believed desired is an 
"intelligent" location based advertising capability such as is disclosed herein and in 
Intemational Patent Application No. PCT/USO 1/1 7957 filed June 4, 2001 entitled "A 

25 Wireless Location Gateway And Applications Therefor" by Dupray incorporated 
herein fiilly by reference; however, such intelligence may likely require additional 
complexity such as accessing subscriber profiles, activating network triggering 
mechanisms or network daemons or intelligent subscriber network software agents to 



determine when and/or. where a subscriber request is satisfied such as a request for 
obtaining tickets to a local sporting event that is sold out. 

It has been suggested that the most commercially viable location based services 
have yet to be determined, and that in order to determine such services, numerous 
5 location based applications will have to be developed and marketed to gain experience 
in what services subscribers will pay for and to provide subscribers with experience in 
using such services. However, due to the complexity of developing applications for 
such services, if a generic or uniform platform such as is provided by the present 
invention is not utilized, the overhead and financial risk in developing such services 
10 may be beyond the financial risk tolerance as well as the technical expertise of 

wireless carriers and/or third party network service developers to surmount. Various 
examples of complex network services have been developed and/or described in the 
relevant art. For example, U.S. Patent 5,742,905 by Peppe et. al. filed Sept. 19, 1994, 
titled "Personal Communications Internetworking" fully incorporated herein by 
15 reference discloses: 

"a personal communications internetwork providing a network subscriber with 
the ability to remotely control the receipt and delivery of wireless and wireline 
voice and text messages. The network operates as an interface between various 
wireless and wireline networks, and also performs media translation, where 
20 necessary. The subscriber's message receipt and delivery options are 

maintained in a database which the subscriber may access by wireless or 
wireline communications to update the options programmed in the database. 
The subscriber may be provided with Call Command service which provides 
real-time control of voice calls while using a wireless data terminal or PDA." 
25 As a further example, hitemational Patent Application PCT/IBOO/0 1 995 Jhanji having 
International Publication No. WO 1 44998 and titled "IMPROVED SYSTEMS FOR 
COMMUNICATING CURRENT AND FUTURE ACTIVITY INFORMATION 
AMONG MOBILE INTERNET USERS AND METHODS THEREFOR" is fully 
incorporated herein by reference, wherein this application discloses: 



"there is provided a search facility wherein a user may search among all users 
and/or posted information (or at least users and/or information to which the 
searcher has access privilege) for postings or users based on some search 
criteria. Since substantially all user profiles and posted information are kept in 
the database subsystem,, such data is available to those, having the proper 
access privilege. By way of example, a certain user may perform a search 
among selected ones of her friends for those currently engaged in shopping 
activities or planning to go shopping. As another example, a certain user may 
perform a search to check oh the status, location, or activity pertaining to a 
specific other user. As another example, a given user may wish to search for 
anyone in the public who is interested in a particular activity, who may be in a 
particular location, or who may have a certain profile characteristic of interest. 
Since many of the items of information pertaining to user activities are time- 
sensitive, searches preferably take into account the time component whenever 
appropriate (e.g., for activity currently taking place or proposed in the future). 
Along with user profile and activity, the invention permits users to find one 
another based on location and time, as well as having a degree of control over 
the .privacy of their user profile and posted information." 
However, it is believed that most commercially viable complex network 
services have yet to be developed, and the present invention is directed to both such 
novel nevv network services, and a method and system for rapidly providing such 
services to subscribers, wherein the applications providing such services use various 
combinations of, e.g., SMS, MS location services/applications, email 
services/applications, voice and data transmission services/applications, Internet 
access, Internet accessible applications, and/or voice over IP services/applications. 

Moreover, note that the network services platform of the present invention may 
also be utilized to expedite providing other subscriber services, complex or otherwise. 
For example, "intelligent" electronic yellow page capabilities may require capabilities 
such as (xii) immediately above regardless of whether such capabilities include a 
location based component. 



It is believed that there are two general types of wireless services that can be 
easily supported by the present invention: (i) services (denoted "called services" 
herein) where the wireless subscriber initiates an activation substantially by placing a 
telephony call for service activation (e.g., services similar to E911), and (ii) services 
(denoted "connection services" herein) that are activated by a subscriber navigating a 
previously established network (e.g., Internet) connection where the establishment of 
the network connection provides virtually no information about what subsequent 
network services that may be activated by the subscriber. Such called services may 
interface directly with an embodiment of the platform of the present invention, 
wherein the embodiment may be for a single wireless carrier or may provide such 
services for multiple carriers. Moreover, for connection services, such services may be 
of two types: 

(1) connection services that make use of the capabilities of an embodiment 
of the platform of the present invention; e.g., "platform aware" 
application for providing such a connection service might inspect a 
network (e.g., Intemet) path by which an activation was received by a 
subscriber, wherein the inspection would determine whether there is a 
platform embodiment by which the platform aware application can 
communicate for receiving appropriate additional information such as 
subscriber location, type of mobile device, subscriber profile attributes 
(e.g., authorizations for billing a profile designated entity), and/or for 
transmitting information to the platform for billing for and/or logging 
the activated connection service (e.g., an electronic yellow pages 
subsidiary of a wireless carrier may be activated, via the Intemet, by a 
merchant for advertising an eminent sale and the expense incurred is 
automatically incorporated into the merchant's bill with the carrier, or, 
e.g., providing a corporation with an integrated billing, auditing and 
employee wireless profile management system for telecommunications 
and Intemet services wherein a platform embodiment acts as a common 
interface for both managing employee profiles for access to network 



services, and billing the corporation for employee network accesses to 
billable network services whose enabling applications are "platform 
aware"; and 

(2) connection services that do not make use of the capabilities of the 
5 . platform of the present invention. However, even for these services the 

platform of the present invention may provide substantial benefits. It is 
believed that in many (if not most cases) wherein connection services 
are accessed via a platform of the present invention, that the entity 
providing the connection to the network (e.g., an Internet service 
10 provider) for such connection services will be "platform aware". 

Accordingly, information from a subscriber's profile can be requested 
and/or "pushed" to the network connection providing entity so that, 
"e.g., this entity can prohibit access to certain network information, can 
push corporate specific information to an employee for incorporation in 
1 5 to the employee's network connection device (e.g., MS) such as an 

updated preferred vendor list, a download of a new customer record 
management system, periodically automatically changing a corporate 
employee address book- 
Note, that the functionality of (2) immediately above may be, of course, 
20 available to the "platform aware" applications as well. 

Thus, it is an aspect of the platform of the present invention to provide for the 
distribution and use of subscriber or user profile information over a plurality of 
different types of communication networks (e.g., networks having different 
transmission characteristics such as network bandwidth, the data types that can be 
25 effectively presented to users, reliability or quality of service of network transmissions, 
transmission'protocols and/or services provided). For example, networks that can 
classified as different are: different wireless telephony networks (CDMA, TDMA, 
GSM), wireline telephony networks (PSTNs), the Internet or other packet switched 
networks (e.g., networks using WAP), wherein there is profile information provided 
30 for the communication capabilities of individual ones of the communication networks 



and/or the services offered on individual ones of the communication networks, and, 
wherein the platform coordinates fulfillment of complex service requests that may 
require the fulfillment of a plurality of subordinate service requests on potentially 
different ones of these communication networks according to, e.g., information in a 
5 user profile that is accessed by the platform for controlling at least portions of the 
fulfillment of the complex service request. 

Furthermore, it is a particular aspect of the platform of the present invention to 
enable easy implementation of wireless location related applications. For example , 
embodiments of the platform of the present invention have "plug and play" interfaces 

10 so that applications for fulfilling service requests need only identify to the platform 
their requirements and the platform coordinates the activation and routing of results 
from other applications operatively attached to the platform. 

Examples of wireless location applications enabled by the present invention 
follow. Wireless applications related to intelligent advertising (e.g., personalized 

1 5 advertising driven by information disclosed by a subscriber or user) may be provided 
by an embodiment of the invention, wherein the user's location is used in determining 
the advertising provided. Alternatively, wireless applications for providing games and 
gaming may also be provided by an embodiment of the inventive platform. Moreover, 
for gaming, the inventive platform may support wireless Internet gaming wherein the 

20 geographic location of a wireless player is taken into account for determining any legal 
restrictions that must be obeyed in order to conform with gaming laws where the user 
is located. Additional wireless services or applications expeditiously enabled by the 
present invention include: introductions of wireless users with likely or stated shared 
interests (possibly based on location proximity), labor management and tracking, asset 

25 management and tracking, and sightseeing. Other applications are provided in the 
Detailed Description hereinbelow. 

It is a particular aspect of the present invention that for at least some wireless 
applications, a geographical proximity subsystem or engine is accessed for 
determining when the application invoking (or location monitored) user or a tracked 

30 asset is in proximity to a particular entity (e.g., a location, person, or moving object) 



that the proximity engine outputs a message to the corresponding invoked application. 
Conversely, the proximity engine may be used for determining when two or more 
entities become further apart than some predetermined distance (e.g., hikers, or 
children from their home). 
5 It is a further aspect of the present invention that a wireless services platform 

according to the invention provide such wireless applications to wireless users in an 
"always on" or "always accessible" capability much like broadcast television wherein 
the user has access to a predetermined number of wireless services/applications, and 
the user can selectively activate/deactivate such services/applications depending upon 

10 the user's input. However, it is also an aspect of the present invention to go beyond 
the broadcast television paradigm in that: (i) a plurality of such applications can be 
. concurrently active, and (ii) such applications can be activated/deactivated according 
to various criteria such as user location, time of day, proximity to/from a particular 
location or entity. Moreover, this "always accessible" capability may be presented at 

1 5 the user's wireless mobile station via a graphical user interface such that a proactive 
intelligent collection of applications wherein such applications may function as, e.g., 
electronic agents or extensions of a user so that such an agent can, e.g., (i) alert the 
user of location based circumstances to which the user would not otherwise be aware, 
(ii) arrange or facilitate communications between users that are in proximity to one 

20 another when it is determined that such communication is likely desired by both 

parties wherein these users may have no a priori knowledge of one another and/or their 
common interests. Moreover, the present invention is intended to support "intelligent" 
wireless communication between a user and a plurality of different wireless 
applications via (at least in one embodiment) substantially the same wireless services 

25 platform wherein such applications may be, e.g., considered as intelligent agents of the 
user for providing the user with information about products, services, people, objects, 
and/or locations about which the user may have an interest but which the user has both 
insufficient knowledge, and an insufficient knowledge to prearrange the obtaining of 
such information. For example, a user may input user profile information to the 

30 wireless services platform indicating that the user should be alerted when any other 



user that is presumed to be walking (or stationary), and is nearby (e.g., within 200 
feet), and has a profile indicating that he/she is receptive to contact, and is interested in 
purchasing early Asian art. In particular, such alerts may be very useful if, e.g., a user 
is a seller of such art and is attending a well attended art auction or museum displaying 
5 Asian art. As another example, if a user is on an airplane, the user may be alerted to 
other users on the airplane wherein it may likely that communication between the two 
users would be a mutually beneficial based on the (personal or professional) profiles of 
the users. 

Moreover, the present invention is novel in that it provides a user with a 

10 mobile station interface that allows the user to have a plurality of such intelligent 
location sensitive agents/applications active simultaneously wherein the user is 
wirelessly notified when any one or more of these agents/applications detect a 
condition or circumstance that may be of interest to the user. Thus, the user may have 
one or more business related agents/applications active (e.g., for contactmg potential 

15 nearby buyers or sellers of products or services ), in combination with one or more 
personal needs related agents/applications (e.g., for meeting a possible nearby 
compatible mate, or someone interested in East European folk dancing, or for 
purchasing a nearby bicycle below a particular price), in combination with one or more 
agents/applications related to nearby entertainment. Moreover such 

20 agents/applications may be explicitly turned on or off by the user at any time (e.g., the 
user may manually request an immediate one time query of other users within a 
specified proximity), as well as the user may provide criteria for activating and 
deactivating such agents/applications according to time schedules, and/or the user's 
location. Thus, the user may request automatic deactivation of personal agents while 

25 at work, and activation of such agents when the user is detected as being away from 
work. Moreover, the present invention may offer a plurality generic 
agents/applications which the user can then customize. For example, a first sales 
representative for a particular company may request wireless downloads of cunent 
prices for a first collection of products or services while a second sales representative 

30 may request wireless downloads of current prices for a second different collection of 



products or services. More generally, the present invention supports wireless 
synchronization between a corporate enterprise wide data repository and various 
corporate subentities such as subsidiaries, salespersons or other employees, wherein 
access to the data repository and wireless data synchronization with a particular view 
,5 or subset of the data repository is dependent upon the subentities access permissions as 
provided by the corporation. 

Additionally, the wireless platform may provide services so that 
applications/agents can perform data mining of various network accessible databases 
to provide verification of data of interest to a user. For example, a user that travels 

10 frequently may request that a wireless application perform data mining via, e.g., 

Internet search engines for currently, available nearby movies, concerts, lecturers, and 
special events whenever the user activates the application. As other examples, a user 
may request data mining be performed to determine information such as: the legal 
description or owner of a particular property given the property's address, or the 

15 average income of households within one mile of the user's location. As other 

examples, a user may request data mining to be performed for automatically entering 
information into the user's profile and/or validating information in his/her profile and 
another user's profile. 

Additionally, it is an aspect of the present invention that requests for location 

20 information by a user and/or applications activated by the user are coordinated so that 
there is efficient use of wireless location network capabilities. For example, a first 
wireless application may be activated by a user for requesting information related to 
nearby users that have an interest in health products (e.g., the user may be an owner of 
a health food store). Additionally, the user may have another wireless 

25 agent/application active for requesting information about nearby individuals that 
appear to be compatible with the user. Accordingly, the frequency of receiving 
information on nearby users, and the sharing of results between the two active 
agents/appli cations can provide better utilization of network resources. 

It is another aspect of the present invention that when a request for user 

30 information is received such as due to location based proximity query, there is a 



sequence of steps and interactions between the requesting user and the queried user 
which can lead from substantial anonymity to (if desired by both parties) personal 
contact in a non-threatening and comfortable manner. In particular, as an intermediate 
step from substantial anonymityto possibly meeting face-to-face, it is an aspect of the 
5 present invention to provide an instant messaging type service between the requesting 
user and a queried user wherein the two users can converse without the identity of the 
other user being automatically provided by the network. 

Further features and advantages of the present invention are provided by the 
figures and detailed description accompanying. this invention summary. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates various perspectives of radio propagation opportunities which 
may be, considered in addressing correlation with mobile to base station ranging. 

Fig. 2 shows aspects of the two-ray radio propagation model and the effects of 
urban clutter. 

1 5 Fig. 3 provides a typical example of how the statistical power budget is 

calculated in design of a Commercial Mobile Radio Service Provider network. 

Fig. 4 illustrates an overall view of a wireless radio location network 
architecture, based on advanced intelligent network (AIN) principles. 

Fig. 5 is a high level block diagram of an embodiment of the present invention 
20 for locating a mobile station (MS) within a radio coverage area for the present 
invention. 

Fig. 6 is a high level block diagram of the location center 142. 

Fig. 7 is a high level block diagram of the hypothesis evaluator for the location 

center. 

25 Fig- 8 is a substantially comprehensive high level block diagram illustrating 

data and control flows between the components of (and/or accessed by) the location 
center/gateway 142, as well the functionality of these components. 



Figs. 9A and 9B are a high level data structure diagram describing the fields of 
a location hypothesis object generated by the first order models 1224 of the location 
center. 

Fig. 1 0 is a graphical illustration of the computation performed by the most 
5 likelihood estimator 1344 of the hypothesis evaluator. 

Fig. 1.1 is a high level block diagram of the mobile base station (MBS). 
Fig. 12 is a high level state transition diagram describing computational states 
the Mobile Base station enters during operation. 

Fig. 13 is a high level diagram illustrating the data structural organization of 
10 the Mobile Base station capability for autonomously determining a most likely MBS 
location from a plurality of potentially conflicting MBS location estimating sources. 

Fig. 14 illustrates the primary components of the signal processing subsystem. 
Fig. 15 illustrates how automatic . provisioning of mobile station information 
from multiple CMRS occurs. 
15 Fig. 16 illustrates another embodiment of the location engine 139, wherein the 

context adjuster 1326 (denoted in this figure as "location hypothesis adjuster 
modules") includes a module (1436) that is capable of adjusting location hypotheses 
for reliability, and another module (1440) that is capable of adjusting location 
hypotheses for accuracy. 
20 Fig. 17 illustrates the primary components of the signal processing subsystem. 

Fig. 1 8 is a block diagram further illustrating the present invention as a 
wireless location gateway. 

Fig. 19 is a block diagram of an electronic networked yellow pages for 
providing intelligent advertising services, wherein wireless location services may be 
25 utilized. 

Fig. 20 is a high level block diagram illustrating the wireless application 
platform of the present invention. 

Fig. 21 is a more detailed block diagram illustrating the wireless application 
platform of the present invention. 



Fig. 22 is a high level flowchart of the operation of the wireless application 
platform of the present invention. 

DETAILED DESCRIPTION 

Detailed Description Introduction 
5 When performing wireless location as described herein, substantial 

improvements in radio location can be achieved since CDMA and other advanced 
radio communication infrastructures can be used for enhancing radio location. For 
example, the capabilities of IS-41 and advanced intelligent network (AIN) already 
provide a coarse-granularity of wireless location, as is necessary to, for example, 
10 properly direct a terminating call to an MS. Such information, originally intended for 
call processing usage, can be re-used in conjunction with the wireless location 
processing described herein to provide wireless location in the large (i.e., to determine 
which country, state and city a particular MS is located), and wireless location in the 
. small (i.e., which location, plus or minus a few hundred feet a given MS is located). 
15 Fig. 4 is a high level diagram of one embodiment of a wireless radiolocation 

architecture for the present invention. Accordingly, this figure illustrates the 
interconnections between the components of a wireless cellular communication 
network, such as, a typical PCS network configuration and various components that 
are specific to the present invention. In particular, as one skilled in the art will 
20 understand, a typical wireless (PCS) network includes: 

(a) a (large) plurality of wireless mobile stations (MSs) 140 for at least one of 
voice related communication, visual (e.g., text such as is provided by a 
short message service) related communication, and according to present 
invention, location related communication. Note that some of the MSs 1 40 
25 may include the electronics and corresponding software to detect and 

process signals from non-terrestrial transmission stations such as GPS 
and/or GLONASS satellites. Moreover, note that such non-terrestrial 
transmission stations can also be high attitude aircraft which, e.g., can 



hover over a metropolitan area thereby facilitating wireless 
communications; 

(b) a mobile switching center (MSC) 1 12; 

(c) a plurality of wireless cell sites in a radio coverage area 120, wherein each 
cell site includes an infrastructure base station such as those labeled 1 22 (or 
variations thereof such as 122 A - 122D). In particular, the base stations 

1 22 denote the standard high traffic, fixed location base stations used for 
voice and data communication with a plurality of MSs 1 40, and, according 
to the present invention, also used for communication of information 
" related to locating such MSs 140. Additionally, note that the base stations 
labeled 152 are more directly related to wireless location enablement. For 
example, as described in greater detail hereinbelow, the base stations 1 52 
may be low cost, low functionality transponders that are used primarily in 
communicating MS location related information to the location center 142 
(via base stations 122 and the MSC 1 12). Note that unless stated 
otherwise, the base stations 1 52 will be referred to hereinafter as location 
base station(s) 152 or simply LBS(s) 152; 

(d) a public switched telephone network (PSTN) 124 (which may include 
signaling system links 1 06 having network control components such as: a 
service control point (SCP) 104 , one or more signaling transfer points 
(STPs)llO. 

In addition, the present invention provides one or more location 
centers/gateways 142. Such gateways may be described at a high level as follows. 

Location Center/Gateway 142 Description 

A location center/gateway 142, (also be referred to as a location 
center/gateway, or simply gateway) , in response to a location request received at the 
location center, can request activation of one or more of a plurality of wireless location 
techniques in order to locate an MS 140. 



Various embodiments are provided herein of the location center/gateway 142. 
In particular. Fig. 1 8 is block diagram illustrating another embodiment of the location 
center/gateway 142 of the present invention. Note that the wireless location gateway 
activation requests may be dependent upon, e.g., 

(a) a wireless network with which the MS 140 may be in contact, such a 
network may be: 

(i) a commercial mobile radio network supporting telephony 
functionality, 

(ii) a short messaging service or paging network; 

(iii) a wireless network of beacons for providing location related 
information such as GPS and LORAN C, 

(iv) wireless carrier independent networks for performing wireless 
location such as the wireless location network provided by 
Times Three, Suite #220, Franklin Atrium, 3 0 1 5 5th Avenue 
N.E,. Calgary, AB T2A 6TB, 

(v) a wireless broadcasting network for use in activating an MS 
140 of, e.g., a stolen vehicle such as is provided by LoJack 
Corporation, 333 Elm Street, Dedham, MA 02026, and/or 

(vi) a hybrid network including portions of wireless networks each 
network providing different types of signal measurements for 
performing wireless location); 

(b) the location signal measurement obtaining capabilities of the wireless 
network with which the MS may be in contact. For example, such a 
network may only support a network centric location technique; 

(c) the functionality of the MS 140 such as: the type(s) of wireless signals 
which can be detected and processed by the MS such as: 

(i) non-terrestrial signals such as GPS signals, 

(ii) signals from wireless beaconing/broadcasting systems such as 
for LORAN C signals or stolen vehicle broadcast networks for 
activating an MS 140 attached to the stolen vehicle, or 



(iii) wireless telephony protocols like CDMA, TDMA, and/or 
GSM, 

(d) a likely location of the target MS 1 40. For example, if the target MS 
140 is likely to be in Japan rather than the United States, then the 
5 location service provider contacted by the gateway 1 42 may be different 

from the location service provider if the MS is likely to be in the U.S. 
Moreover, regarding the plurality of wireless location techniques 
(embodiments thereof also denoted herein as "location estimators") for which 
activation may be requested by the gateway, these techniques miay be co-located with 

10 the gateway, accessible via a network including: (i) local area networks, and (ii) wide 
area networks such as a telephony (wired or wireless) network, the Internet or a cable 
network. The gateway 142 may supply to one or more of the location estimators, 
measurements of communications between the MS 140 and one or more networks for 
determining a location of the MS 140. Alternatively, instead of supplying such 

15 measurements (locally or remotely, and, via a network or otherwise), the gateway 1 42 
may provide, with the location activation request, an identification of where the 
measurements may be obtained (e.g., one or more network addresses). In yet another 
alternative, such a gateway 142 may also send request(s) to the network(s) having such 
MS communication measurements to forward them to particular location estimators. 

20 Note, that in performing these tasks, the gateway 1 42 may receive with a location 

request (or may retrieve in response thereto) information regarding the fianctionality of 
the target MS 1 40, e.g., as discussed above. Accordingly, such information may be 
used in selecting the location estimator to which an activation request is provided. 
Thus, the gateway 142 may be the intermediary between location requesting 

25 applications and the location estimators, thereby providing a simple, uniform 
application programming interface (API) for such applications substantially 
independently of the location estimators that are activated to fulfill such location 
requests. Moreover, the gateway 142 (or embodiments thereof) can substantially ease 
the burden on geolocation service providers by providing a substantially uniform 

30 method for obtaining target MS/network signal data for use in locating the target MS. 



Thus, by interfacing to the gateway 142, a location service provider may substantially 
reduce the number and complexity of its data exchange interfaces with the wireless 
networks for obtaining target MS/network signal data. Similarly, the networks 
capturing such signal data may also reduce the complexity and number of their 
5 interfaces for providing such signal data to location service providers. Additionally, 
note that the gateway may also fulfill location requests wherein the location is for a 
stationary and/or wireline handset instead of a mobile station 1 40. Accordingly, the 
gateway 142 may request access to, e.g., phone location information stored in a 
carrier's database of premise provisioning equipment as one skilled in the art will 
10 understand. 

In sonie embodiments of the gateway 1 42, it may also facilitate in the 
providing of certain location related services in addition to providing, e.g., MS 140 
locations. In particular, one or more of the following location related services may be 
facilitated by the gateway 142 or may be made operative via the wireless location 
15 capabilities of the gateway 142. However, note that the following location related 
services can, in general, be provided without use of a gateway 142, albeit, e.g., in a 
likely more restricted context wherein not all available wireless location estimating 
techniques are utilized, and/or by multiplying the number of interfaces to geo location 
service providers (e.g., distinct wireless location interfaces provided directly to each 
20 wireless location service provider utilized). Further note that at some of these 
applications are described in greater detail in later sections herein: 

(1 0. 1) Routing instructions for directing a vehicle or person to get to a desired 
destination. Note, that there are various forms of utilizing MS location 
capabilities to determine an appropriate route, and related teachings are 
25 provided in copending U.S. patent application titled, "Wireless Location 

Using A Plurality of Commercial Network Infrastructures," by F. W. 
LeBlanc, Dupray and Karr filed Jan. 22, 1999 and having US Patent No. 
6,236,365 issued May 22, 2001 which is fully incorporated herein by 
reference, and by the following two copending U.S. patent applications 
30 which are also incorporated herein by reference: (i) "Location Of A 



Mobile Station" filed Nov. 24, 1999 having Application No. 
09/194,367 whose inventors are Dupray and Karr, and (ii) "A Wireless 
Location System For Calibrating Multiple Location Estimators" filed 
October 21, 1998 having Application No. 09/176,587 whose inventor is 
5 Dupray. Additionally, other routing services may also be provided by 

the gateway 1 42 (or by service providers in cooperation with the 
gateway). For example, the gateway 1 42 may cooperate with an 
automated speech recognition interpretation and synthesis unit for 
providing substantially automated interactive communication with an 

10 MS 140 for, providing spoken directions. Note that such directions may 

be provided in terms of street names and/or descriptions of the terrain 
(e.g., "the glass high rise on the left having pink tinted glass"). 
. (10.2) Advertising may be directed to an MS 140 according to its location. In 
at least some studies it appears that MS 1 40 users do not respond well 

15 , to unsolicited wireless advertisement whether location based or 

otherwise. However, in response to certain user queries for locally 
available merchandise, certain advertisements may be viewed in a more 
friendly light. Thus, by allowing an MS user to contact, e.g., a wireless 
advertising portal by voice or via wdreless Internet, and describe certain 

20 merchandise desired (e.g., via interacting with an automated speech 

interaction unit) the user may be able to describe and receive (at his/her 
MS 140) visual displays of merchandise that may satisfy such a user's 
request. For example, an MS user may provide a spoken request such 
as: "1 need a shirt, who has specials near here?". 

25 (10.3) Applications that combine routing with safety for assisting MS users 

with requests such as "How do I get back to the hotel safely?"; 
(1 0.4) Applications that combine routing with sight seeing guided tour where 
routing is interactive and depending on feedback from users regarding, 
e.g., user interests; 



(1 0.5) Applications using Internet picture capture with real time voice capture 
and MS location (e.g., sightseeing, security, and law enforcement), 

(1 0.6) Intelligent transportation (e.g., voice commanded vehicles) 

(1 0.7) Applications that monitor whether ornot a person or object (e.g., a - 
vehicle) is within a predetermined boundary. Note, that such as 
application may automatically provide speech output to the MS user, (or 
other authorized user) when the person or object is beyond the 
predetermined boundary; 

(1 0.8) Applications that route to an event and automatically determine parking 
availability and where to park; 

(1 0.9) Traffic/weather condition routing 

Further note that various architectures for the location center/location gateway 
are within the scope of the invention including a distributed architecture wherein in 
addition to the FOMs being possibly remotely accessed (e.g., via a communications 
network such as the Internet), the gateway itself may be distributed throughout one or 
more communication networks. Thus, a location request received at a first location 
gateway portion may be routed to a second location gateway portion (e.g., via the 
Internet). Such a distributed gateway may be considered a "meta-gateway" and in fact 
such gateway portions may be fully functioning gateways in their own right. Thus, 
such routing therebetween may be due to contractual arrangements between the two 
gateways (each fulfilling location requests for a different network, wireless carrier, 
and/or geographical region). For example, for locating a stolen vehicle, it is not 
uncommon for the stolen vehicle to be transported rapidly beyond the coverage area of 
a local or regional wireless vehicle locating service. Moreover, a given location 
gateway may provide location information for only certain areas corresponding, e.g., to 
contractual arrangements with the wireless carriers with which the location gateway is 
affiliated. Thus, a first location gateway may provide vehicle locations for a first 
collection of one or more wireless networks, and a second location gateway may 
provide vehicle locations for a second collection of one or more wireless networks. 
Accordingly, for an MS 140 built into a vehicle which can be detected by one or more 



wireless networks (or portions thereof) in each of the first and second collections, then 
if the vehicle is stolen, the first gateway may be initially contacted for determining 
whether the vehicle can be located via communications with the first collection of one 
, or more wireless networks, and if the vehicle can not be located, the first gateway may 
5 provide a location request to the second gateway for thereby locating the stolen vehicle 
via wireless communications with one or more wireless networks of the second 
collection. Furthermore, the first gateway may provide location requests for the stolen 
vehicle to other location gateways. 

The present invention provides the following additional. components: 
10 (111) one or more mobile base stations 148 (MBS) which are optional, for 

physically traveling toward the target MS 140 or tracking the target , 
MS; 

(1 1 .2) a plurality of location base stations 1 52 (LBS) which are optional, 

distributed within the radio coverage areas 120, each LBS 152 having a 
15 relatively small MS 140 detection area 1 54. Note that such LBSs 152 

may also support Internet and/or TCP AP transmissions for transmitting 
visual location related information (e.g., graphical, or pictorial) related 
to an MS location request. 
Since location base stations 1 52 can be located on, e.g., each floor of a multi- 
20 story building, the wireless location technology described herein can be used to 
perform location in terms of height as well as by latitude and longitude. 

hi operation, an MS 140 may utilize one or more of the wireless technologies, 
CDMA, TDM A, AMPS, NAMPS or GSM for wireless communication with: (a) one 
or more infrastructure base stations 122, (b) mobile base station(s) 148, or (c) an LBS 
25 152. Additionally, note that in some embodiments of the invention, there may be MS 
to MS communication. 

Referring to Fig. 4 again, additional detail is provided of typical base station 
coverage areas, sectorization, and high level components within a radio coverage area 
120, including the MSC 1 12. Three exemplary base stations (BSs) are 122A, 122B 
30 and 1 22C, each of which radiate referencing signals within their area of coverage 1 69 



to facilitate mobile station (MS) 140 radio frequency connectivity, and various timing 
and synchronization functions. Note that some base stations may contain no sectors 
130 (e.g. 122E), thus radiating and receiving signals in a 360 degree omnidirectional 
coverage area pattern, or the base station may contain "smart anteimas" which have 
5 specialized coverage area patterns. However, the generally most frequent base 
stations 122 have three sector 130 coverage area patterns. For example, base station 
122A includes sectors 130, additionally labeled a, b and c. Accordingly, each of the 
sectors 1 30 radiate and receive signals in an approximate 1 20 degree arc, from an 
overhead view. As one skilled in the art will understand, actual base station coverage 

10 areas 169 (stylistically represented by hexagons about the base stations 122) generally 
are designed to overlap to some extent, thus ensuring seamless coverage in a 
geographical area. Control electronics within each base station 1 22 are used to 
communicate with a mobile stations 1 40. Information regarding the coverage area for 
each sector 130, such as its range, area, and "holes" or areas of no coverage (within the 

15 radio coverage area 120), may be known and used by the location center 142 to 

facilitate location determination. Further, during communication with a mobile station 
140, the identification of each base station 122 communicating with the MS 140 as 
well, as any sector identification information, may be known and provided to the 
location center 142. 

20 In the case of the base station types 122, 148, and 152 communicating location 

information, a base station or mobility controller 174 (BSC) controls, processes and 
provides an interface between originating and terminating telephone calls from/to 
mobile station (MS) 140, and the mobile switch center (MSG) 1 12. The MSC 122, 
on-the-other-hand, performs various administration functions such as mobile station 

25 140 registration, authentication and the relaying of various system parameters, as one 
skilled in the art will understand. 

The base stations 122 may be coupled by various transport facilities 176 such 
as leased lines, frame relay, T-Carrier links, optical fiber links or by microwave 
communication links. 



When an MS 140 is powered on and in the idle state, it constantly monitors the 
pilot signal transmissions from each of the base stations 1 22 located at nearby cell 
sites. Since base station/sector coverage areas may often overlap, such overlapping 
enables an MS 140 to detect, and, in the case of certain wireless technologies, 
5 communicate simultaneously along both the forward and reverse paths, with multiple 
base stations 122 and/or sectors 130. In Fig. 4, the constantly radiating pilot signals 
from base station sectors 130, such as sectors a, b and.c of BS 122A, are detectable by 
MSs 140 within the coverage area 169 for BS 122 A. That is, the mobile stations 140 
scan for pilot channels, corresponding to a given base station/sector identifiers (IDs), 
10 for determining in which coverage area 169 (i.e., cell) it is contained. This is 
performed by comparing signal strengths of pilot signals transmitted from these 
particular cell-sites. 

The mobile station 140 then initiates a registration request with the MSG 1 12, 
via the base station controller 174. The MSG 1 12 determines whether or not the 

15 mobile station 140 is allowed to proceed with the registration process (except, e.g., in 
the case of a 91 1 call, wherein no registration process is required). Once any required 
registration is complete, calls may be originated from the mobile station 140 or calls or 
short message service messages can be received from the network. Note that the MSG 
112 communicates as appropriate, with a class 4/5 wireline telephony circuit switch or 

20 other central offices, connected to the PSTN 124 network. Such central offices 
connect to wireline terminals, such as telephones, or any communication device 
compatible with a wireline. The PSTN 124 may also provide connections to long 
distance networks and other networks. 

The MSG 1 12 may also utilize IS/41 data circuits or trunks connecting to 

25 signal transfer point 110, which in tum connects to a service control point 104, via 
Signaling System #7 (SS7) signaling links (e.g., trunks) for intelligent call processing, 
as one skilled in the art will understand. In the case of wireless AIN services such 
links are used for call routing instructions of calls interacting wdth the MSG 1 12 or any 
switch capable of providing service switching point functions, and the public switched 



telephone network (PSTN) 124, with possible termination back to the wireless 
network. 

Referring still to Fig. 4, the location center/gateway (LC) 142 interfaces with 
the MSG 1 12 either via dedicated transport facilities 178, using, e.g., any number of 
LANAVAN technologies, such as Ethernet, fast Ethernet, frame relay, virtual private 
networks, etc., or via the PSTN 124. The gateway 142 may receive autonomous (e.g., 
unsolicited) command/response messages regarding, for example: (a) the state of the 
wireless network of each commercial radio service provider utilizing the LC 142 for 
wireless location services, (b) MS 140 and BS 122 radio frequency (RF) 
measurements, (c) communications with any MBSs 148, and (d) location applications 
requesting MS locations using the location center/gateway 142. Conversely, the LC 
142 may provide data and control information to each of the above components in (a) - 
(d). Additionally, the LC 142 may provide location information to an MS 140, via a 
BS 122. Moreover, in the case of the use of a mobile base station (MBS) 148, several 
communications paths may exist with the LC 142. 

TJie MBS 148 may act as a low cost, partially-functional, moving base station, 
and is, in one embodiment, situated in a vehicle (e.g., land, water or aircraft) where an 
operator may engage in MS 140 searching and tracking activities. In providing these . 
activities using CDMA, the MBS 148 provides a forward link pilot channel for a target 
MS 140, and subsequently receives unique BS pilot strength measurements from the 
MS 140. The MBS 148 also includes a mobile station 140 for data communication 
with the gateway 142, via a BS 122. In particular, such data communication includes 
telemetering at least the geographic position (or estimates thereof) of the MBS 148, 
various RF measurements related to signals received from the target MS 140, and in 
some embodiments, MBS 148 estimates of the location of the target MS 140. In some 
embodiments, the MBS 148 may utilize multiple-beam fixed antenna array elements 
and/or a moveable narrow beam antenna, such as a microwave dish 1 82. The antennas 
for such embodiments may have a known orientation in order to further deduce a radio 
location of the target MS 140 with respect to an estimated current location of the MBS 
148. As will be described in more detail herein below, the MBS 148 may further 



contain a satellite (e.g., global positioning system (GPS)) receiver (or other receiver 
for non-terrestrial wireless signals) for determining the location of the MBS 1 48 
and/or providing wireless location assistance a target MS 140, e.g., providing GPS 
information to the MS to assist the MS in determining its location. Additionally, the 
5 MBS 148 may include distance sensors, dead-reckoning electronics, as well as an on- 
board computing system and display devices for locating both the MBS 148 itself as 
well as tracking and locating the target MS 140. The computing and display provides 
a means for communicating the position of the target MS 140 on a map display to an 
operator of the MBS 148. It is important to note that in one embodiment, an MBS 148 

10 may determine its location substantially independent of the communications 
network(s) with which the MBS communicates. 

Each location base station (LBS) 1 52 is a low cost location device. In some 
embodiments, to provide such LBS's cost effectively, each LBS 1 52 only partially or 
minimally supports the air-interface standards of the one or more wireless technologies 

15 used in communicating with both the BSs 122 and the MSs 140. Each LBS 1 52, when 
put in service, is placed at a fixed location, such as at a traffic signal, lamp post, etc., 
wherein the location of the LBS may be determined as accurately as, for example, the 
accuracy of the locations of the infrastructure BSs 122. Assuming the wireless 
technology, CDMA, is used, each BS 122 uses a time offset of the pilot PN sequence 

20 to identify a forward CDMA pilot channel. In one embodiment, each LBS 152 emits a 
unique, time-offset pilot PN sequence chaimel in accordance with the CDMA standard 
in the RF spectrum designated for BSs 122, such that the channel does not interfere 
with neighboring BSs 1 22 cell site channels, and does not interfere with neighboring 
LBSs 152. Each LBS 1 52 may also contain multiple wireless receivers in order to 

25 monitor transmissions from a target MS 1 40. Additionally, each LBS 1 52 contains 

mobile station 140 electronics, thereby allowing the LBS to both be controlled by, e.g., 
the gateway 142 or the wireless carrier(s) for the LBS, and to transmit information to, 
e.g., the gateway 142 (via, e.g., at least one neighboring BS 122), or to another 
wireless location service provider such as one providing one or more FOMs. 



As mentioned above, when the location of a particular target MS 1 40 is 
desired, the gateway 142 may request location information about the target MS 140 
from, for instance, one or more activated LBSs 152 in a geographical area of interest. 
Accordingly, whenever the target MS 140 is in an LBS coverage area, or is suspected 
of being in the coverage area, either upon command from the gateway 142 (or other 
location service provider), or in a substantially continuous (or periodic) fashion, the 
LBS's pilot channel appears to the target MS 1 40 as a potential neighboring base 
station channel, and consequently, is placed, for example, in the CDMA neighboring 
set, or the CDMA remaining set of the target MS 140 (as one familiar with the CDMA 
standards will understand). ■ 

During the normal CDMA pilot search sequence of the mobile station 
initialization state (in the target MS), the target MS 140 will, if within range of such an 
activated LBS 152, detect the LBS pilot presence during the CDMA pilot channel 
acquisition substate. Consequently, the target MS 140 performs RF measurements oh, 
the signal from each detected LBS 152. Similarly, an activated LBS 152 can, perform 
RF measurements on the wireless signals from the target MS 140. Accordingly, each 
LBS 152 detecting the target MS 140 may subsequently telemeter back to the LC 142 
measurement results related to signals from/to the target MS 140. Moreover, upon 
command, the target MS 140 may telemeter back to the gateway 142 its own 
measurements of the detected LBSs 152, and consequently, this new location 
information, in conjunction with location related information received from the BSs 
122, can be used to locate the target MS 140. 

It should be noted that an LBS 1 52 will normally deny hand-off requests, since 
typically the LBS does not require the added complexity of handling voice or traffic 
bearer channels, although economics and peak traffic load conditions may dictate 
preference here. Note that GPS timing information, needed by any CDMA base 
station, is either achieved via a the inclusion of a local GPS receiver or via a telemetry 
process from a neighboring conventional BS 122, which contains a GPS receiver and 
timing information. Since energy requirements are minimal in such an LBS 152, 
(rechargeable) batteries or solar cells may be used to power the LBSs. Further, no 



expensive terrestrial transport link is typically required since two-way communication 
is provided by an included MS 140 (or an electronic variation thereof) within each 
LBS. Thus, LBSs 152 may be placed in numerous locations, such as: 

(a) in dense urban canyon areas (e.g., where signal reception may be poor 
and/or very noisy); 

(b) in remote areas (e.g., hiking, camping and skiing areas); 

(c) along highways (e.g., for emergency as well as monitoring traffic flow), and 
their rest stations; or 

(d) in general, wherever more location precision is required than is obtainable 
using other wireless infrastructure network components. ~" 

Location Center - Network Elements API Description 

A location application programming interface 136 (Fig. 4), denoted L-API, is 
may be provided between the location center/gateway 1 42 (LC) and the mobile switch 
center (MSG) network element type, in order to send and receive various control, 
signals and data messages. The L-API may be implemented using a preferably high- 
capacity physical layer communications interface, such as IEEE standard 802.3 (10 
baseT Ethernet), although other physical layer interfaces could be used, such as fiber 
optic ATM, frame relay, etc. At least two forms of L-API implementation are 
possible. In a first case, the signal control and data messages are provided using the 
MSG 112 vendor's native operations messages inherent in the product offering, 
without any special modifications. In a second case, the L-API includes a full suite of 
conmiands and messaging content specifically optimized for wireless location 
purposes, which may require some, although minor development on the part of an 
MSG vendor. 

Signal Processor Description 

Referring to Fig. 17, a signal processing subsystem (labeled 1220 in other 
figures) may be provided (or accessed) by the gateway 142. Such a signal processing 
subsystem may: (a) receive control messages and signal measurements from one or 
more wireless service provider networks, and (b) transmit appropriate control 



messages to such wireless networks via the location applications programming 
interface 136 referenced earlier, for wireless location purposes. The signal processing 
subsystem 1220 additionally provides various signal identification, conditioning and 
pre-processing functions, including buffering, signal type classification, signal 
filtering, message control and routing functions to the location estimating modules or 
FOMs. 

There can be several combinations of Delay Spread/Signal Strength sets of 
measurements made available to the signal processing subsystem 1220. In some cases 
a mobile station 140 (Fig. 1) may be able to detect up to three or four pilot channels 
representing three to four base stations, or as few as one pilot channel, depending upon 
the environment and wireless network configuration. Similarly, possibly more than 
one BS 122 can detect a mobile station 140 transmitter signal, and the fact that 
multiple CMRS' base station equipment commonly will overlap coverage areas. 

For each mobile station 140 or BS 122 transmitted signal that is detected by a 
receiver group at a base or mobile station, respectively, multiple delayed signals, or 
"fingers" may be detected (e.g., in CDMA) and tracked resulting from multipath radio 
propagation conditions from a given transmitter. In typical spread spectrum diversity 
CDMA receiver design, the "first" finger represents the most direct, or least delayed 
multipath signal. Second or possibly third or fourth fingers may also be detected and 
tracked, assuming the detecting base station and/or mobile station 140 contains a 
sufficient number of data receivers for doing so. The signal processing subsystem may 
utilize various wireless signal measurements of transmissions between a target mobile 
station 140 and a network of base stations 122, 152 and/or 148. Such measurements 
can be important in effectively estimating the location of mobile stations 140 in that it 
is well known that measurements of wireless signal propagation characteristics, such 
as signal strength (e.g., RSSI), time delay, angle of arrival, and any number other 
measurements, can individually lead to gross errors in MS 140 location estimates. 

Accordingly, one aspect of the present invention is directed to utilizing a larger 
number of wireless signal measurements, and utilizing a plurality of MS 140 
estimation techniques to compensate for location estimation errors generated by some 



such techniques. For example, due to the large capital outlay costs associated with 
providing three or more overlapping base station coverage signals in every possible 
location, most practical digital PCS deployments result in fewer than three base station 
pilot channels being reportable in the majority of location areas, thus resulting in a 
larger, more amorphous location estimates by terrestrial triangulation systems. Thus, 
by utilizing wireless signal measurements from a variety of sources substantially 
simultaneously and/or "greedily" (i.e., use whatever signal measurements can be 
obtained from any of the signal sources as they are obtained), additional location 
enhancements can be obtained. For example, by enhancing a mobile station r40 with 
electronics for detecting satellite transmissions (as done with mobile base stations 148 
and which also can be viewed as such an enhanced mobile station 140) additional 
location related signals maybe obtained from: 

(a) the GPS satellite system, 

(b) the Global Navigation Satellite System (GLONASS) satellite system, a 
Russian counterpart to the U.S. GPS system, and/or 

(c) the numerous low earth orbit satellite systems (LEOs) and medium earth 
orbit satellite systems (MEOs) such as the IRIDIUM system being 
developed by Motorola Corp., the GLOBALSTAR system by Loral and 
Qualcomm, and the ICO satellite system by ICO Global Communications. 

Thus, by combining even insufficient wireless location measurements from different 
wireless communication systems, accurate location of an MS 140 is possible. For 
example, by if only two GPS satellites are detectable, but there is an additional reliable 
wireless signal measurement from, e.g., a terrestrial base station 122, then by 
triangulating using wireless signal measurements derived from transmissions from 
each of these three sources, a potentially reliable and accurate MS location can be 
obtained. 

Moreover, the transmissions from the MS 140 used for determining the MS's 
location need not be transmitted to terrestrial base stations (e.g., 122), It is within the 
scope of the present invention that a target MS 140 may transmit location related 
information to satellites as well. For example, if a target MS 140 detects two GPS 



satellite transmissions and is able to subsequently transmit the GPS signal 
measurements (e.g., timing measurements) to an additional satellite capable of 
determining additional MS location measurements according to the signals received, 
then by performing a triangulation process at the location center/gateway 142 (which 
may be co-located with the additional satelhte, or at a remote terrestrial site), a 
potentially reliable and accurate MS location can be obtained. Accordingly, the 
present invention is capable of resolving wireless location ambiguities due to a lack of 
location related information of one type by utilizing supplemental location related 
information of a different type. Note that by "type" as used here it is intended to be 
interpreted broadly as, e.g., 

(a) a data type of location information, and/or 

(b) communications from a particular commercial wireless system as opposed 
to an alternative system, each such system having distinct groups of known 
or registered MS users. 

Moreover, it can be that different FOMs are provided for at least some wireless 
location computational models utilizing different types of location related information. 
For example, in certain contexts wireless networks based on different wireless 
signaling technologies may be used to locate an MS 140 during the time period of a 
single emergency call such as E91 1 . Moreover, in other contexts it may be possible 
for the target MS 140 to use one or more of a plurality of wireless communication 
networks, possibly based on different wireless communication technologies, 
depending on availability the of technology in the coverage area. In particular, since 
so called "dual mode" or "tri-mode" mobile stations 1 40 are available, wherein such 
mobile stations are capable of wireless communication in a plurality of wireless 
communication technologies, such as digital (e.g., CDMA, and/or TDMA) as well as 
analog or AMP/NAMPS, such mobile stations may utilize a first (likely a default) 
wireless communication technology whenever possible, but switch to another wireless 
communication technology when, e.g., coverage of the first wireless technology 
becomes poor. Moreover, such different technologies are typically provided by 
different wireless networks (wherein the term "network" is understood to include a 



network of communication supporting nodes geographically spaced apart that provide 
a communications infrastructure having access to information regarding subscribers to 
the network prior to a request to access the network by the subscribers). Accordingly, 
the present invention may include (or access) FOMs for providing mobile station 
location estimates wherein the target MS 140 communicates with various networks 
using different wireless communication technologies. Moreover, such FOMs may be 
activated according to the wireless signal measurements received from various 
wireless networks and/or wireless technologies supported by a target MS 140 and to 
which there is a capability of communicating measurements of such varied wireless 
signals to the FOM(s). Thus, in one embodiment of the present invention, there may 
be a triangulation (or trilateration) based FOM for each of CDMA, TDMA and 
AMP/NAMPS which may be singly, serially, or concurrently for obtaining a particular 
location of an MS 140 at a particular time (e.g., for an E91 1 call). Thus, when 
locating a target MS 1 40, the MS may, if there is overlapping coverage of two wireless 
communication technologies and the MS supports communications with both, 
repeatedly switch back and forth between the two thereby providing additional 
wireless signal measurements for use in locating the target MS 140. 

In one embodiment of the present invention, wherein multiple FOMs may be 
activated substantially simultaneously (or alternatively, wherever appropriate input is 
received that allow particular FOMs to be activated). Note that at least some of the 
FOMs may provide "inverse" estimates of where a target MS 140 is not instead of 
where it is. Such inverse analysis can be very useful in combination with location 
estimates indicating where the target MS is in that the accuracy of a resulting MS 
location estimate may be substantially decreased in size when such inverse estimates 
are utilized to rule out areas that otherwise appear to be likely possibilities for 
containing the target MS 140. Note that one embodiment of a FOM that can provide 
such reverse analysis is a location computational model that generates target MS 
location estimates based on archived knowledge of base station coverage areas (such 
an archive being the resuh of, e.g., the compilation a RF coverage database - either via 
RF coverage area simulations or field tests). In particular, such a model may provide 



target MS location inverse estimates having a high confidence or likelihood that that 
the target MS 140 is not in an area since either a base station 122 (or 152) can not 
detect the target MS 140, or the target MS can not detect a particular base station. 
Accordingly, the confidences or likelihoods on such estimates may be used by 
diminishing a likelihood that the target MS is in an area for the estimate, or 
alternatively the confidence or likelihood of all areas of interest outside of the estimate 
can increased. 

Note that in some embodiments of the present invention, both measurements of 
forward wireless signals to a target MS 140, and measurements of reverse wireless 
signals transmitted from the target MS to a base station can be utilized by various 
FOMs. In some embodiments, the received relative signal strength (RRSSbs) of 
detected nearby base station transmitter signals along the forward link to the target 
mobile station can be more readily used by the location estimate modules (FOMs) 
since the transmission power of the base stations 1 22 typically changes little during a 
communication with a mobile station. However, the relative signal strengdi (RRSSms) 
of target mobile station transmissions received by the base stations on the reverse link 
may require more adjustment prior to location estimate model use, since the mobile 
station transmitter power level changes nearly continuously. 

LOCATION CENTER HIGH LEVEL FUNCTIONALITY 

At a very high level the location center/gateway 142 computes (or requests 
computation of) location estimates for a wireless mobile station 140 by performing at 
least some of the following steps: 

(23.0) receiving an MS location request; 

(23.1) receiving measurements of signal transmission characteristics of 
communications communicated between the target MS 140 and one or more wireless 
infrastructure base stations 122. Note, this step may only be performed if the gateway 
provides such measurements to a FOM (e.g„ a FOM co-located therewith); 

(23.2) filtering the received signal transmission characteristics (by a signal processing 
subsystem 1220 illustrated in, e.g.. Figs. 5 and 30) as needed so that target MS location 



data can be generated that is uniform and consistent with location data generated from 
other target MSs 140. In particular, such uniformity and consistency is both in terms 
of data structures and interpretation of signal characteristic values provided by the MS 
location data, as will be described hereinbeiow. Note, this step may also only be 
5 performed if the gateway provides such measurements to a FOM. Otherwise, such 
FOM is likely to perform such filtering; 

(23.3) inputting the generated target MS location data to one or more MS location 
estimating models (FOMs, labeled collectively as 1224 in Fig. 5), so that each such 
FOM may use the input target MS location data for generating a "location hypothesis" 

10 providing an estimate of the location of the target MS 140. Note, this step may also 
only be performed if the gateway provides such measurements to a FOM; 

(23.4) receiving the resuhing location hypotheses from the activated FOMs, and 
providing the generated location hypotheses to an hypothesis evaluation module 
(denoted the hypothesis evaluator 1228 in Fig. 5) for; 

15 (a) (optionally) adjusting the target MS location estimates of the generated 

location hypotheses and/or adjusting confidence values of the location hypotheses, 
wherein for each location hypothesis, its confidence value indicates the confidence or 
likelihood that the target MS is located in the location estimate of the location 
hypothesis. Moreover, note that such adjusting uses archival information related to the 

20 accuracy and/or reliability of previously generated location hypotheses; 

(b) (optionally) evaluating the location hypotheses according to various 
heuristics related to, for example, the radio coverage area 120 terrain, the laws of 
physics, characteristics of likely movement of the target MS 140; and 

(c) (necessarily) determining a most likely location area for the target MS 
25 1 40, wherein the measurement of confidence associated with each input MS location 

area estimate may be used for determining a "most likely location area"; and 

(23.5) outputting a most likely target MS location estimate to one or more 
applications 146 (Fig. 5) requesting an estimate of the location of the target MS 140. 

Location Hypothesis Data Representation 



^ In order to describe how the steps (23. 1 ) through (23.5) are performed in the 
sections below, some introductory remarks related to the data denoted above as 
location hypotheses will be helpful. Additionally, it will also be helpful to provide 
introductory remarks related to historical location data and the data base management 
programs associated therewith. 

For each target MS location estimate generated and utilized by the 
present invention, the location estimate is provided in a data structure (or 
object class) denoted as a "location hypothesis" (illustrated in Table LH-1). 



Brief descriptions of the data fields for a location hypothesis is provided in the 



Table LH-1. 


Table LH-1 


FOMJD 


First order model ID (providing this Location 
Hypothesis); note, since it is possible for 
location hypotheses to be generated by other 
than the FOMs 1 224, in general, this field 
identifies the module that generated this 
location hypothesis. 


MS_ID 


The identification of the target MS 140 to this 
location hypothesis applies. 


pt_est 


The most likely location point estimate of the 
target MS 140. 


valid_pt 


Boolean indicating the validity of "pt_est". 


area_est 


Location Area Estimate of the target MS 140 
provided by the FOM. This area estimate will 
be used whenever "image area" below is 
NULL. 


valid_area 


Boolean indicating the validity of "area_esf ' 
(one of "pt_est" and "area_est" must be 
valid). 


adjust 


Boolean (true if adjustments to the fields of 
this location hypothesis are to be performed 
in the Context adjuster Module). 



, pt_covering 


Reference to a substantially minimal area 
(e.g., mesh cell) covering of "pt_est". Note, 
since this MS 1 40 may be substantially on a 
cell boundary, this covering may, in some 
cases, include more than one cell. 


image_area 


Reference to a substantially minimal area 
(e.g., mesh cell) covering of "pt_covering" 
(see detailed description of the function, 
"confidence_adjuster"). Note that if this field 
is not NULL, then this is the target MS 
location estimate used by the location center 
142 instead of "area__est". 


extrapolation_area 


Reference to (if non-NULL) an extrapolated 
MS target estimate area provided by the 
location extrapolator submodule 1432 of the 
hypothesis analyzer 1332. That is, this field, 
if non-NULL, is an extrapolation of the 
"image_area" field if it exists, otherwise this 
field is an extrapolation of the "area_est" 
field. Note other extrapolation fields may 
also be provided depending on the 
embodiment of the present invention, such as 
an extrapolation of the "pt_covering". 


Confidence 


In one embodiment, this is a probability 
indicating a likelihood that the target MS 140 
is in (or out) of a particular area. If 
"image_area" exists, then this is a measure of 
the likelihood that the target MS 140 is within 
the area represented by "image_area", or if 
"image_area" has not been computed (e.g., 
"adjust" is FALSE), then "area_est" must be 
valid and this is a measure of the likelihood 
that the target MS 140 is within the area 
represented by "area_est". Other 
embodiments, are also within the scope of the 
present invention that are not probabilities; 
e.g., translations and/or expansions of the [0, 
1] probability range as one skilled in the art 
will understand. 


GrigmaI_Timestamp 


Date and time that the location signature 
cluster (defined hereinbelow) for this location 





tiypothesis was received by the signal 
processing subsystem 1220. 


Active_Timestamp 


Run-time field providing the time to which 
this location hypothesis has had its MS 
location estimate(s) extrapolated (in the 
location extrapolator 1 432 of the hypothesis 
analyzer 1332). Note that this field is 
initialized with the value fi-om the 
"Original_Timestamp" field. 


Processing Tags and 

environmental 

categorizations 


For indicating particular types of 
environmental classifications not readily 
determined by the "OriginaI_Time stamp" 
field (e.g., weather, traffic), and restrictions ~" 
on location hypothesis processing. 


loc_sig_cluster 


Provides access to the collection of location 
signature signal characteristics derived from 
conmiuni cations between the target MS 140 
and the base station(s)- detected by this MS 
(discussed in detail hereinbelow); in 
particular, the location data accessed here is 
provided to the first order models by the 
signal processing subsystem 1220; i.e., access 
to the "loc sigs" (received at "timestamp" 
regarding the location of the target MS) 


descriptor 


Original descriptor (from the First order 
model indicating why/how the Location Area 
Estimate and Confidence Value were 
determined). 



As can be seen in the Table LH-1, each location hypothesis data 
structure includes at least one measurement, denoted hereinafter as a 
confidence value (or simply confidence), that is a measurement of the 
5 perceived likelihood that an MS location estimate in the location hypothesis is 
an accurate location estimate of the target MS 140. Since, in some 
embodiments of the invention, such confidence values are an important 
aspect, much of the description and use of such confidence values are 
described below; however, a brief description is provided here. 



In one embodiment, each confidence value is a probability indicative 
of a likeliness that the target MS 140 resides within an geographic area 
represented by the hypothesis to which the confidence value applies. 
Accordingly, each such confidence value is in the range [0, 1]. Moreover, for 
clarity of discussion, it is assumed that unless stated otherwise that the 
probabilistic definition provided here is to be used when confidence values are 
discussed. 

Note, however, other definitions of confidence values are within the 
scope of the present invention that may be more general than probabilities, 
and/or that have different ranges other than [0, 1], For example, one such 
alternative is that each such confidence value is in the range -1 .0 to 1 .0, 
wherein the larger the value, the greater the perceived likelihood that the 
target MS 140 is in (or at) a corresponding MS location estimate of the 
location hypothesis to which the confidence value applies. As an aside, note 
that a location hypothesis may have more than, one MS location estimate (as 
will be discussed in detail below) and the confidence value will typically only 
correspond or apply to one of the MS location estimates in the location 
hypothesis. Further, values for the confidence value field may be interpreted 
as: (a) - 1 .0 means that the target MS 140 is NOT in such a corresponding MS 
area estimate of the location hypothesis area, (b) 0 means thai it is unknown as 
to the likelihood of whether the MS 140 in the corresponding MS area 
estimate, and (c) +1 .0 means that the MS 140 is perceived to positively be in 
the corresponding MS area estimate. 

Additionally, in utilizing location hypotheses in, for example, the 
location evaluator 1 228 as in (23 .4) above, it is important to keep in mind that 
for confidences, cf] and cf2, if cfj <= cf2, then for a location hypotheses Hi 
and H2 having cfi and cf2, respectively, the target MS 140 is expected to more 
likely reside in a target MS estimate of H2 than a target MS estimate of Hj. 
Moreover, if an area, A, is such that it is included in a plurality of location 
hypothesis target MS estimates, then a confidence score, CSa, can be assigned 



to A, wherein the confidence score for such an area is a function of the 
confidences for all the location hypotheses whose (most pertinent) target MS 
location estimates contain A. That is, in order to determine a most likely 
target MS location area estimate for outputting from the location 
center/gateway 1 42, a confidence score is determined for areas within the 
location center/gateway service area. 

Coverage Area: Area Types And Their Determination 

The notion of "area type" as related to wireless signal transmission 
characteristics has been used in many investigations of radio signal - - 
transmission characteristics. Some investigators, when investigating such 
signal characteristics of areas have used somewhat naive area classifications 
such as urban, suburban, rural, etc. However, it is desirable for the purposes 
of the present invention to have a more operational definition of area types 
that is more closely associated with wireless signal transmission behaviors. 

To describe embodiments of the an area type scheme that may be used 
in the present invention, some introductory remarks are first provided. Note 
that the wireless signal transmission behavior for an area depends on at least 
the following criteria: 

(23.8.1) substantially invariant terrain characteristics (both natural and 
man-made) of the area; e.g., mountains, buildings, lakes, highways, 
bridges, building density; 

(23.8.2) time varying environmental characteristics (both natural and 
man-made) of the area; e.g., foliage, traffic, weather, special events 
such as baseball games; 

(23.8.3) wireless communication components or infrastructure in the 
area; e.g., the arrangement and signal communication 
characteristics of the base stations 122 in the area (e.g., base station 
anteima downtiit). Further, the anterma characteristics at the base 
stations 1 22 may be important criteria: 



Accordingly, a description of wireless signal characteristics for 
determining area types could potentially include a characterization of wireless 
signaling attributes as they relate to each of the above criteria. Thus, an area 
type might be: hilly, treed, suburban, having no buildings above 50 feet, with 
base stations spaced apart by two miles. However, a categorization of area 
types is desired that is both more closely tied to the wireless signaling 
characteristics of the area, and is capable of being computed substantially 
automatically and repeatedly over time. Moreover, for a wireless location 
system, the primary wireless signaling characteristics for categorizing areas 
into at least minimally similar area types are: thermal noise and, more 
importantly, multipath characteristics (e.g., multipath fade and time delay). 

Focusing for the moment on the multipath characteristics, it is believed 
that (23-8.1) and (23.8.3) immediately above are, in general, more important 
criteria for accurately locating an MS 140 than (23.8.2). That is, regarding 
(23.8. 1), multipath tends to increase as the density of nearby vertical area 
changes increases. For example, multipath is particularly problematic where 
there is a high density of high rise buildings and/or where there are closely 
spaced geographic undulations. In both cases, the amount of change in 
vertical area per unit of area in a horizontal plane (for some horizontal 
reference plane) may be high. Regarding (23.8.3), the greater the density of 
base stations 1 22, the less problematic multipath may become in locating an 
MS 140. Moreover, the arrangement of the base stations 122 in the radio 
coverage area 120 in Fig. 4 may affect the amount and severity of multipath. 

Accordingly, it would be desirable to have a method and system for 
straightforwardly determining area type classifications related to multipath, 
and in particular, multipath due to (23.8.1) and (23.8.3). The present 
invention provides such a determination by utilizing a novel notion of area 
type, hereinafter denoted "transmission area type" (or, "area type" when both a 
generic area type classification scheme and the transmission area type 
discussed hereinafter are intended) for classifying "similar" areas, wherein 



each transmission area type class or category is intended to describe an area 
having at least minimally similar wireless signal transmission characteristics. 
That is, the novel transmission area type scheme of the present invention is 
based on: (a) the terrain area classifications; e.g., the terrain of an area 
5 surrounding a target MS 140, (b) the configuration of base stations 122 in the 
radio coverage area 1 20, and (c) characterizations of the wireless signal 
transmission paths between a target MS 140 location and the base stations 
122. 

In one embodiment of a method and system for determining such 
10 (transmission) area type approximations, a partition (denoted hereinafter as ~~ 
Po) is imposed upon the radio coverage area 1 20 for partitioning for radio 
coverage area into subareas, wherein each subarea is an estimate of an area 
having included MS 140 locations that are likely to have is at least a minimal 
amount of similarity in their wireless signaling characteristics. To obtain the 
15 partition Po of the radio coverage area 120, the following steps are performed: 
(23.8.4.1) Partition the radio coverage area 120 into subareas, wherein 
in each subarea is: (a) connected, (b) the subarea is not too 
oblong, e.g., the variations in the lengths of chords sectioning the 
subarea through the centroid of the subarea are below a 
20 predetermined threshold, (c) the size of the subarea is below a 

predetermined value, and (d) for most locations (e.g., within a 
first or second deviation) within the subarea whose wireless 
signaling characteristics have been verified, it is likely (e.g., 
within a first or second deviation ) that an MS 140 at one of these 
25 locations will detect (forward transmission path) and/or will be 

detected (reverse transmission path) by a same collection of base 
stations 122. For example, in a CDMA context, a first such 
collection may be (for the for^yard transmission path) the active 
set of base stations 122, or, the union of the active and candidate 
30 sets, or, the union of the active, candidate and/or remaining sets 



of base stations 122 detected by "most" MSs 140 in . 
Additionally (or alternatively), a second such collection may be 
the base stations 122 that are expected to detect MSs 140 at 
locations within the subarea. Of course, the union or intersection 
of the first and second collections is also within the scope of the 
present invention for partitioning the radio coverage area 120 
according to (d) above. It is worth noting that it is believed that 
base station 122 power levels will be substantially constant. 
However, even if this is not the case, one or more collections for 
(d) above may be determined empirically and/or by ■ "~~ 

computationally simulating the power output of each base station 
122 at a predetermined level. Moreover, it is also worth 
mentioning that this step is relatively straightforward to 
implement using the data stored in the location signature data 
base 1320 (i.e., the verified location signature clusters discussed 
in detail hereinbelow). Denote the resulting partition here as Pj. 

(23.8.4.2) Partition the radio coverage area 120 into subareas, wherein 
each subarea appears to have substantially homogeneous terrain 

- characteristics. Note, this may be performed periodically 
substantially automatically by scanning radio coverage area 
images obtained from aerial or satellite imaging. For example, 
Earth Watch Inc. of Longmont, CO can provide geographic with 
3 meter resolution from satellite imaging data. Denote the 
resulting partition here as P2. 

(23.8.4.3) Overlay both of the above partitions, Pj and P2 of the radio 
coverage area 1 20 to obtain new subareas that are intersections of 
the subareas from each of the above partitions. This new 
partition is Po (i.e., Po = Pi intersect P2), and the subareas of it are 
denoted as "Po subareas". 



Now assuming Po has been obtained, the subareas of Pq are provided 
a first classification or categorization as follows: 

(23.8.4.4) Determine an area type categorization scheme for the 
subareas of Pj. For example, a subarea. A, of Pj, may be 
categorized or labeled according to the number of base stations 
122 in each of the collections used in (23.8.4. l)(d) above for 
determining subareas of Pi- Thus, in one such categorization 
scheme, each category may correspond to a single number x . 
(such as 3), wherein for a subarea. A, of this category, there is a 
group of X (e.g., three) base stafions 122 that are expected to be^ 
detected by a most target MSs 140 in the area A. Other 
embodiments are also possible, such as a categorization scheme 
wherein each category may correspond to a triple: of numbers 
such as (5, 2, 1), wherein for a subarea A of this category, there 
is a common group of 5 base stations 122 with two-way signal 
detection expected with most locations (e.g., within a first or 
second deviation) within A, there are 2 base stations that are 
expected to be detected by a target MS 140 in A but these base 
stations can not detect the target MS, and there is one base 
station 122 that is expiected to be able to detect a target MS in A 
but not be detected. 

(23.8.4.5) Determine an area type categorization scheme for the 
subareas of P2. Note that the subareas of P2 may be categorized 

- according to their similarities. In one embodiment, such 
categories may be somewhat similar to the naive area types 
mentioned above (e.g., dense urban, urban, suburban, rural, 
mountain, etc.). However, it is also an aspect of the present . 
invention that more precise categorizations may be used, such as 
a category for all areas having between 20,000 and 30,000 square 
feet of vertical area change per 1 1 ,000 square feet of horizontal 



area and also having a high traffic volume (such a category likely 
corresponding to a "moderately dense urban" area type). 

(23.8.4.6) Categorize subareas of Po with a categorization scheme 
denoted the "Po categorization," wherein for each Po subarea. A, 
a "Po area type" is determined for A according to the following 
substep(s): 

(a) Categorize A by the two categories from (23.8.4.4) and 
(23.8.5) with which it is identified. Thus, A is 
categorized (in a corresponding Po area type) both 
. according to its terrain and the base station 
infrastructure configuration in the radio coverage area 
120. 

(23.8.4.7) For each Pq subarea, A, of Po perform the following step(s): 

(a) Determine a centroid, C(A), for A; 

(b) Determine an approximation to a wireless transmission 
path between C(A) and each base stafion 122 of a 
predetermined group of base stations expected to be in 
(one and/or two-way) signal communication with most 
target MS 140 locations in A. For example, one such 
approximation is a straight line between C(A) and each 
of the base stafions 122 in the group. However, other 
such approximations are within the scope of the present 
invention, such as, a generally triangular shaped area as 
the transmission path, wherein a first vertex of this area 
is at the corresponding base stafion for the transmission 
path, and the sides of the generally triangular shaped 
defining the first vertex have a smallest angle between 
them that allows A to be completely between these 
sides. 



(c) For each base station 122, BS-,, in the group mentioned 
in (b) above, create an empty list, BSi-hst, and put on 
this Hst at least the Pq area types for the "significant" Pq 
subareas crossed by the transmission path between 

5 C(A) and BSj. Note that "significant" Po subareas may 

be defined as, for example, the Po subareas through 
which at least a minimal length of the transmission path 
traverses. Altematively, such "significant" Po subareas 
may be defined as those Pq subareas that additionally 
10 are know or expected to generate substantial multipath. 

(d) Assign as the transmission area type for A as the 
collection of BSj-lists. Thus, any other Po subarea 
having the same (or substantially similar) collection of 
lists of Pq area types will be viewed as having 

15 approximately the same radio transmission 

characterisfics. 

Note that other transmission signal characteristics may be incorporated 
into the transmission area types. For example, thermal noise characteristics 
may be included by providing a third radio coverage area 120 partition, P3, in 

20 addition to the partifions of Pi and P2 generated in (23.8.4. 1) and (23.8.4.2) 
respectively. Moreover, the time varying characteristics of (23.8.2) may be 
incorporated in the transmission area type frame work by generating multiple 
versions of the transmission area types such that the transmission area type for 
a given subarea of Po may change depending on the combination of time 

25 varying environmental characteristics to be considered in the transmission 
area types. For instance, to account for seasonality, four versions of the 
partitions Pi and P2 may be generated, one for each of the seasons, and 
subsequently generate a (potentially) different partition Pq for each season. 
Further, the type and/or characteristics of base station 122 antermas may also 

30 be included in an embodiment of the transmission area type. 



Other embodiments of area types are also within the scope of the 
present invention. As mentioned above, each of the first order models 1224 
have default confidence values associated therewith, and these confidence 
values may be probabilities. More precisely, such probability confidence 
5 values can be determined as follows. Assume there is a partition of the 
coverage area into subareas, each subarea being denoted a "partition area." 
For each partition area, activate each first order model 1224 with historical 
location data in the Location Signature Data Base 1320 (Fig. 6), wherein the 

. , liistorical location data has been obtained from corresponding known mobile 

10 station locations in the partition area. For each first order model, determine a~ 
probability of the first order model generating a location hypothesis whose 
location estimate contains the corresponding known mobile station location. 
To accomplish this, assume the coverage area is partitioned into partition 
areas A, wherein each partition area A is specified as the collection of 

15 coverage area locations such that for each location, the detected wireless 

transmissions between the network base stations and a target mobile station at 
the location can be straightforwardly equated with other locations of area A. 
For example, one such partition, Po, can be defined wherein each partition 
area A is specified in terms of three sets of base station identifiers, namely, (a) 

20 the base station identifiers of the base stations- that can be both detected at 
each location of A and can detect a target mobile station at each location, (b) 
the identifiers for base stations that can detect a target mobile station at each 
location of A, but can not be detected by the target mobile station, and (c) the 
identifiers for base stations that can be detected by a target mobile station at 

25 each location of A, but these base stations can not detect the target mobile 
station. That is, two locations, \\ and I2. are identified as being in A if and 
only if the three sets of (a), (b), and (c) for li are, respectively, identical to the 
three sets of (a), (b), and (c) for 12- ^ 

Accordingly, assuming the partition Pq is used, a description can be 

30 given as to how probabilities may be assigned as the confidence values of 



location hypotheses generated by the first order models 1224. For each 
partition area A, a first order model 1 224 is supplied with wireless 
measurements of archived location data in the Location Signature Data Base 
associated with corresponding verified mobile station locations. Thus, a 
5 probability can be determined as to how likely the first order model is to 
generate a location hypothesis having a location estimate containing the 
corresponding verified mobile station location. Accordingly, a table of 
partition area probabilities can be determined for each first order model 1 224. 
Thus, when a location hypothesis is generated and identified as belonging to 

10 one of the partition areas, the corresponding probability for that partition area 
may be assigned as the confidence value for the location hypothesis. The 
advantages to using actual probabilities here is that, as will be discussed 
below, the most likelihood estimator 1 344 can compute a straightforward 
probability for each distinct intersection of the multiple location hypotheses 

15 -generated by the multiple first order models, such that each such probability 
indicates a likelihood that the target mobile station is in the corresponding 
intersection. 

Location Information Data Bases And Data 

. Location Data Bases Introduction 

20 It is an aspect of the present invention that MS location processing performed by 

the location center/gateway 142 should become increasingly better at locating a target 
MS 140 both by (a) building an increasingly more detailed model of the signal 
characteristics of locations in the service area for the present invention, and also (b) by 
providing capabilities for the location center processing to adapt to environmental 

25 changes. 

One way these aspects of the present invention are realized is by providing one or 
more data base management systems and data bases for: 



(a) storing and associating wireless MS signal characteristics with known 
locations of MSs 140 used in providing the signal characteristics. Such stored 
associations may not only provide an increasingly better model of the signal 
characteristics of the geography of the service area, but also provide an increasingly 

5 better model of more changeable signal characteristic affecting environmental factors 
such as weather, seasons, and/or traffic patterns; 

(b) adaptively updating the signal characteristic data stored so that it reflects 
changes in the environment of the service area such as, for example, a new high rise 
building or a new highway. 

1 0 Referririg again to Fig. 5 of the collective representation of these data bases is the 

location information data bases 1232. hicluded among these data bases is a data base for 
providing training and/or calibration data to one or more trainable/calibratable FOMs 
1 224, as well as an archival data base for archiving historical MS location information 
related to the performance of the FOMs. These data bases will be discussed as necessary 

1 5 hereinbelow. However, a further brief introduction to the archival data base is provided 
here. Accordingly, the term, "location signature data base" is used hereinafter to denote 
the archival data base and/or data base management system depending on the context of 
the discussion. The location signature data base (shown in, for example. Fig. 6 and 
labeled 1320) is a repository for wireless signal characteristic data derived from wireless 

20 signal communications between an MS 1 40 and one or more base stations 1 22, wherein 
the corresponding location of the MS 140 is known and also stored in the location 
signature data base 1320. More particularly, the location signature data base 1320 
associates each such known MS location with the wireless signal characteristic data 
derived from wireless signal communications between the MS 140 and one or more base 

25 stations 122 at this MS location. Accordingly, it is an aspect of the present invention to 
utilize such historical MS signal location data for enhancing the correctness and/or 
confidence of certain location hypotheses as will be described in detail in other sections 
below. 

Data Representations for the Location Signature Data Base 



In one embodiment, there are four fundamental entity types (or object classes in 
an object oriented programming paradigm) utilized in the location signature data base 
1 320. Briefly, these data entities are described in the items (24. 1) through (24.4) that 
follow: 

5 (24.1) (verified) location signatures: Each such (verified) location signature describes 
the wireless signal characteristic measurements between a given base station (e.g., BS 
122 or LBS 1 52) and an MS 140 at a (verified or known) location associated with the 
(verified) location signature. That is, a verified location signature corresponds to a 
location whose coordinates such as latitude-longitude coordinates are known, while 
1 0 simply a location signature may have a known or unknown location corresponding with 
it. Note that the term (verified) location signature is also denoted by the abbreviation, 
"(verified) loc sig" hereinbelow; 

(24.2) (verified) location signature clusters: Each such (verified) location signature 
cluster includes a collection of (verified) location signatures corresponding to all the 

1 5 location signatures between a target MS 140 at a (possibly verified) presumed 

substantially stationary location and each BS (e.g., 1 22 or 1 52) from which the target MS 
140 can detect the BS's pilot channel regardless of the classification of the BS in the 
target MS (i.e., for CDMA, regardless of whether a BS is in the MS's active, candidate 
or remaining base station sets, as one skilled in the art will understand). Note that for 

20 simplicity here, it is presumed that each location signature cluster has a single fixed 
primary base station to which the target MS 140 synchronizes or obtains its timing; 

(24.3) "composite location objects (or entities)": Each such entity is a more general 
entity than the verified location signature cluster. An object of this type is a collection of 
(verified) location signatures that are associated with the same MS 140 at substantially 

25 the same location at the same time and each such loc sig is associated with a different 
base station. However, there is no requirement that a loc sig from^each BS 122 for 
which the MS 140 can detect the BS's pilot channel is included in the "composite 
location object (or entity)"; and 



(24.4) MS location estimation data that includes MS location estimates output by one or 
more MS location estimating first order models 1224, such MS location estimate data is 
described in detail hereinbelow. , 

It is important to note that a loc sig is, in one embodiment, an instance of the 
5 data structure containing the signal characteristic measurements output by the signal 
filtering and normalizing subsystem also denoted as the signal processing subsystem 
1220 describing the signals between: (i) a specific base station 122 (BS) and (ii) a 
mobile station 140 (MS), wherein the BS's location is known and the MS's location is 
assumed to be substantially constant (during a 2-5 second interval in one embodiment 

10 ,, of the present invention), during communication with the MS 1 40 for obtaining a 
single instance of loc sig data, although the MS location may or may not be known. 
Further, for notational purposes, the BS 122 and the MS 140 for a loc sig hereinafter 
will be denoted the "BS associated with the loc sig", and the "MS associated with the 
loc sig" respectively. Moreover, the location of the MS 140 at the time the loc sig 

15 data is obtained will be denoted the "location associated with the loc sig" (this location 
possibly being unknown). 

Note that additional description of this aspect of the present invention can be 
found in one of the following two copending U.S. patent applications which are 
incorporated herein by reference: (a) "Location Of A Mobile Station" filed Nov. 24, 

20 1 999 having Application No. 09/194,367 whose inventors are D. J. Dupray and C. L. 
Karr, and (b) "A Wireless Location System For Calibrating Multiple Location 
Estimators" filed October 21, 1998 having Application No. 09/176,587 whose 
inventor is D. J. Dupray, wherein these copending patent applications may have 
essential material for the present specification. In particular, these copending patent 

25 applications may have essential material relating to the location signature data base 
1320. 

Location Center Architecture 



Overview of Location Center/Gateway Functionai Components 

Fig. 5 presents a high level diagram of an embodiment of the location 
center/gateway 142 and the location engine 1 39 in the context of the infrastructure for 
the entire location system of the present invention. 

It is important to note that the architecture for the location center/gateway 142 
and the location engine 1 39 provided by the present invention is designed for 
extensibility and flexibility so that MS 140 location accuracy and reliabihty may be 
enhanced as further location data become available and as enhanced MS location 
techniques become available, hi addressing the design goals of extensibility and ' 
flexibility, the high level architecture for generating and processing MS location 
estimates may be considered as divided into the following high level functional groups 
described hereinbelow. 

Low Level Wireless Signal Processing Subsystem for Receiving and Conditioning 
Wireless Signal Measurements 

A first functional group of location engine 139 modules is for performing signal 
processing and filtering of MS location signal data received firom a conventional wireless 
(e.g., CDMA) infrastructure, as discussed in the steps (23.1) and (23.2) above. This 
group is denoted the signal processing subsystem 1220 herein. One embodiment of such 
a subsystem is described in the U.S. copending patent application titled, "Wireless 
Location Using A Plurality of Commercial Network hifrastructures," by F. W. LeBlanc, 
Dupray and Karr filed Jan. 22, 1999 and having U.S. Patent No. 6,236,365. Note that 
this copending patent application is incorporated herein entirely by reference since it may 
contain essential material for the present invention.. In particular, regarding the signal 
processing subsystem 20. Note, however, tiiat the signal processing subsystem may be 
unnecessary for the gateway 142 unless the gateway supplies wireless location signal 
data to one or more FOMs. 



Initial Location Estimators: First Order Models 

A second functional group of modules at least accessible by the location engine 
139 are the FOM 1224 for generating various target MS 140 location initial estimates, as 
described in step (23.3). A brief description of some types of first order models is 
5 provided immediately below. Note that Fig. 8 illustrates another, more detail view of an 
embodiment of the location center/gateway 142 for the present invention. In particular, 
this figure illustrates some of the FOMs 1224 at least accessible (but not necessarily co- 
located with the other location center/gateway modules shown in this figure), and 
additionally illustrates the primary communications with other modules of the g_ateway. 

10 However, it is important to note that the present invention is not limited to the FOMs 
1224 shown and discussed herein. That is, it is a primary aspect of the present invention 
to easily incorporate FOMs using other signal processing and/or computational location 
estimating techniques than those presented herein. Further, note that each FGM type 
may have a plurality of its MS location estimating models (at least) accessible by the 

15 gateway 142. 

For example, (as will be described in fiirther detail below), one such type of 
model or FOM 1224 (hereinafter models of this type are referred to as "terrestrial 
communication station offset (TCSO) models" or "terrestrial communication station 
offset (TCSO) first order models", or "terrestrial communication station offset (TCSO) 

20 . FOMs") may be based on a range, offset, and/or distance computation such as on a base 
station signal reception angle determination between the target MS 140 firom each of one 
or more base stations. Basically, such TCSO models 1224 determine a location estimate 
of the target MS 140 by determining an offset from each of one or more base stations 
122, possibly in a particular direction fi-om each (some of) the base stations, so that, e.g., 

25 an intersection of each area locus defined by the base station offsets may provide an 

estimate of the location of the target MS. TCSO FOMs 1224 may compute such offsets 
based on, e.g.: 

(a) signal timing measurements between the target mobile station 140 and one or 
more base stations 122; e.g.., timing measurements such as time difference of 



arrival (TDOA), or time of arrival (TOA). Note that both forward and 
reverse signal path timing measurements may be utilized; 

(b) signal strength measurements (e.g., relative to power control settings of the 
MS 140 and/or one or more BS 122); and/or 

(c) signal angle of arrival measurements, or ranges thereof, at one or more base 
stations 122 (such angles and/or angular ranges provided by, e.g., base station 
antenna sectors having angular ranges of 120^ or 60°, or, so called "SMART 
antennas" with variable angular transmission ranges of 2° to 120"^. 

Accordingly, a terrestrial communication station offset (TCSO) model may utilize, e.g., 
triangulation or trilateration to compute a location hypothesis having either an area 
location or a point location for an estimate of the target MS 140. Additionally, in some 
embodiments location hypothesis may include an estimated error. 

Another type of FOM 1 224 is a statistically based first order model 1 224, 
wherein a statistical technique, such as regression techniques (e.g., least squares, partial 
least squares, principle decomposition), or e.g., Bollenger Bands (e.g., for computing 
minimum and maximum base station offsets). In general, models of this type output 
location hypotheses determined by performing one or more statistical techniques or 
comparisons between the verified location signatures in location signature data base 
1 320, and the wireless signal measurements from a target MS. Models of this type are 
also referred to hereinafter as a "stochastic signal (first order) model" or a "stochastic 
FOM" or a "statistical model." Of course, statistically based FOMs may be a hybrid 
combination with another type of FOM such as a TCSO FOM. 

Still another type of FOM 1224 is an adaptive learning model, such as an 
artificial neural net or a genetic algorithm, wherein the FOM may be trained to recognize 
or associate each of a plurality of locations with a corresponding set of signal 
characteristics for communications between the target MS 140 (at the location) and the 
base stations 122. Moreover, typically such a FOM is expected to accurately 
interpolate/extrapolate target MS 140 location estimates from a set of signal 
characteristics from an unknown target MS 140 location. Models of this type are also 
referred to hereinafter variously as "artificial neural net models" or "neural net models" 



or "trainable models" or "learning models." Note that a related type of FOM 1224 is 
based on pattern recognition. These FOMs can recognize patterns in the signal 
characteristics of communications between the target MS 140 (at the location) and the 
base stations 122 and thereby estimate a location area of the target MS. However, such 
5 FOMs may not be trainable. 

Yet another type of FOM 1 224 can be based on a collection of dispersed low 
power, low cost fixed location wireless transceivers (also denoted "location base stations 
152" hereinabove) that are provided for detecting a target MS 140 in areas where, e.g., 
there is insufficient base station 122 infrastructure coverage for providing a desired level 

10 of MS 140 location accuracy. For example, it may uneconomical to provide high traffic 
wireless voice coverage of a typical wireless base station 122 in a nature preserve or at a 
fair ground that is only populated a few days out of the year. However, if such low cost 
location base stations 152 can be directed to activate and deactivate via the direction of a , 
FOM 1224 of the present type^ then these location base stations can be used to both 

15 location a target MS 140 and also provide indications of where the target MS is not. For 
example, if there are location base stations 1 52 populating an area where the target MS 
140 is presumed to be, then by activating these location base stations 152, evidence may 
be obtained as to whether or not the target MS is actually in the area; e.g., if the target 
MS 140 is detected by a location base station 1 52, then a corresponding location 

20 hypothesis having a location estimate corresponding to the coverage area of the location 
base station may have a very high confidence value. Altematively, if the target MS 140 
is not detected by a location base station 152, then a corresponding location hypothesis 
having a location estimate corresponding to the coverage area of the location base station 
may have a very low confidence value. Models of this type are referred to hereinafter as 

25 "location base station models." 

Yet another type of FOM 1224 can be based on input from a mobile base station 
148, wherein location hypotheses may be generated from target MS 140 location data 
received from the mobile base station 148. 

Still other types of FOM 1224 can be based on various techniques for 

30 recognizing wireless signal measurement patterns and associating particular patterns 



with locations in the coverage area 120. For example, artificial neural networks or other 
learning models can used as the basis for various FOMs. 

Note that the FOM types mentioned here as well as other FOM types are 
discussed in detail hereinbelow. Moreover, it is important to keep in mind that in one 
5 embodiment of the present invention, the substantially simultaneous use or activation of 
a potentially large number of such first order models 1224, may be able to enhance both 
the reliability of location estimates and the accuracy of such estimates. Additionally, 
note that in some embodiments of the present invention, the first order models 1224 can 
be activated when appropriate signal measurements are obtained. For example, a TDOA 

10 FOM may be activated when only a single signal time delay measurement is obTained 
from some plurality of base station 122. However, if, for instance, additional time delay 
values are obtained (and assuming such additional values are necessary), then one or 
more wireless signal pattern matching FOM may also be activated in conjunction with 
the TDOA FOM. Additionally, a FOM using satellite signals (e.g., GPS) to perform a 

15 triangulation may be activated whenever appropriate measurements are received 

regardless of whether additional FOMs are capable of being substantially simultaneously 
activated or not. Accordingly, since such satellite signal FOMs are generally more 
accurate, output from such a FOM may dominate any other previous or simultaneous 
estimates unless there is evidence to the contrary. 

20 Moreover, the present invention provides a framework for incorporating MS 

location estimators to be subsequently provided as new FOMs in a straightforward 
manner. For example, a FOM 1224 based on wireless signal time delay measurements 
from a distributed antenna system for wireless communication may be incorporated into 
the present invention for thereby locating a target MS 140 in an enclosed area serviced 

25 by the distributed antenna system. Accordingly, by using such a distributed antenna 
FOM, the present invention may determine the floor of a multi-story building from 
which a target MS is transmitting. Thus, MSs 140 can be located in three dimensions 
using such a distributed antenna FOM. Additionally, FOMs for detecting certain 
registration changes within, for example, a public switched telephone network can also 

30 be used for locating a target MS 140. For example, for some MSs 140 there may be an 



associated or dedicated device for each such MS that allows the MS to function as a 
cordless phone to a line based telephone network when the device detects that the MS is 
within signaling range. In one use of such a device (also denoted herein as a "home base 
station"), the device registers with a home location register of the public switched 
5 telephone network when there is a status change such as from not detecting the 
corresponding MS to detecting the MS, or visa versa, as one skilled in the art will 
understand. Accordingly, by providing a FOM that accesses the MS status in the home 
location register, the location engine 139 can detemiine whether the MS is within 
signaling range of the home base station or not, and generate location hypotheses 
10 accordingly. Moreover, other FOMs based on, for example, chaos theory and/or fractal 
theory are also within the scope of the present invention. 

It is important to note the follov^ng aspects of the present invention relating to 
FOMs 1224: 

(28.1) Each such first order model 1224 may be relatively easily incorporated into and/or 

15 removed from the present invention. For example, assuming that the signal 

processing subsystem 1220 provides uniform input to the FOMs, and there is a 
uniform FOM output interface (e.g., API), it is believed that a large majority (if not 
substantially all) viable MS location estimation strategies may be accommodated. 
Thus, it is straightforward to add or delete such FOMs 1224. 

20 (28.2) First order models 1224 may be relatively simple and still provide significant MS 
140 locating' functionality and predictability. For example, much of what is believed 
to be common or generic MS location processing has been coalesced into, for 
example: a location hypothesis evaluation subsystem, denoted the hypotheses 
evaluator 1228 and described immediately below. Thus, the present invention is 

25 modular and extensible such that, for example, (and importantly) different first order 

models 1224 may be utilized depending on the signal transmission characteristics of 
the geographic region serviced by an embodiment of the present invention. Thus, a 
simple configuration of the present invention may have (or access) a small number of 
FOMs 1224 for a simple wireless signal environment (e.g., flat tenrain, no urban 

30 canyons and low population density). Alternatively, for complex v\dreless signal 



environments such as in cities like San Francisco, Tokyo or New York, a large 
number of FOMs 1224 maybe simultaneously utilized for generating MS location 
hypotheses. 



An Introduction to an Evaluator for Location Hypotheses: Hypothesis Evaluator 

5 A third functional group of location engine 139 modules evaluates location 

hypotheses output by the first order models 1224 and thereby provides a "most likely" 
target MS location estimate. The modules for this functional group are collectively 
denoted the hypothesis evaluator 1228. 

Hypothesis Evaluator 

10 A primary purpose of the hypothesis evaluator 1228 is to mitigate conflicts and 

ambiguities related to location hypotheses output by the first order models 1224 and 
thereby output a "most likely" estimate of an MS for which there is a request for it to be 
located. In providing this capability, there are various related embodiments of the 
hypothesis evaluator that are within the scope of the present invention. Since each 

1 5 location hypothesis includes both an MS location area estimate and a corresponding 
confidence value indicating a perceived confidence or likelihood of the target MS being 
within the corresponding location area estimate, there is a mono tonic relationship 
between MS location area estimates and confidence values. That is, by increasing an MS 
location area estimate, the corresponding confidence value may also be increased (in an 

20 extreme case, the location area estimate could be the entire coverage area 120 and thus 
the confidence value may likely correspond to the highest level of certainty; i.e., +1.0). 
Accordingly, given a target MS location area estimate (of a locafion hypothesis), an 
adjustment to its accuracy may be performed by adjusting the MS location area estimate 
and/or the corresponding confidence value. Thus, if the confidence value is, for 

25 example, excessively low then the area estimate may be increased as a technique for 

increasing the confidence value. Alternatively, if the estimated area is excessively large, 
and there is flexibility in the corresponding confidence value, then the estimated area 
may be decreased and the confidence value also decreased. Thus^ if at some point in the 



processing of a location hypothesis, if the location hypothesis is judged to be more (less) 
accurate than initially determined, then (i) the confidence value of the location 
hypothesis may be increased (decreased), and/or (ii) the MS location area estimate can be 
decreased (increased). Moreover, note that when the confidence values are probabilities, 
5 such adjustments are may require the reactivation of one or more FOMs 1 224 with 
requests to generate location hypotheses having location estimates of different sizes. 
Alternatively, adjuster modules 1436 and/or 1440 (Fig. 16 discussed hereinbelow) may 
be invoked for generating location hypotheses having area estimates of different sizes. 
Moreover, the confidence value on such an adjusted location hypothesis (actually a new 

10 location hypothesis corresponding to the originally generated hypothesis) may also be a 
probability in that combinations of FOMs 1224 and adjuster modules 1436 and 1440 can 
also be calibrated for thereby yielding probabilities as confidence values to the resulting 
location hypotheses. ^ 

hi a first class of embodiments (typically wherein the confidence values are not 

15 maintained as probabilities), the hypothesis evaluator 1228 evaluates location hypotheses 
and adjusts or modifies only their confidence values for MS location area estimates and 
subsequently uses these MS location estimates with the adjusted confidence values for 
determining a "most likely" MS location estimate for outputting. Alternatively, in a 
second class of embodiments for the hypothesis evaluator 1228 (also typically wherein 

20 the confidence values are not maintained as probabilities), MS location area estimates 
can be adjusted while confidence values remain substantially fixed. However, in one 
preferred embodiment of the present embodiment, both location hypothesis area 
estimates and confidence values are modified. 

The hypothesis evaluator 1228 may perform any or most of the following tasks 

25 depending on the embodiment of the hypothesis evaluator. That is, 

(30.1) it may enhance the accuracy of an initial location hypothesis generated by an 
FOM by using the initial location hypothesis as, essentially, a query or index 
into the location signature data base 1320 for obtaining one or more 
corresponding enhanced location hypotheses, wherein the enhanced location 

30 hypotheses have both an adjusted target MS location area estimates and an 



adjusted confidences based on past performance of the FOM in the location 
service surrounding the target MS location estimate of the initial location 
hypothesis; 

Additionally, for embodiments of the hypothesis evaluator 1228 wherein the confidence 
values for location hypotheses are not maintained as probabilities, the following 
additional tasks (30.2) through (30.7) may be performed: 

(30.2) the hypothesis evaluator 1228 may utilize environmental. information to improve 
and reconcile location hypotheses supplied by the first order models 1224. A 
basic premise in this context is that the accuracy of the individual first order 
models may be affected by various environmental factors such as, for example, 
the season of the year, the fime of day, the weather conditions, the presence of 
buildings, base station failures, etc.; 

(30.3) the hypothesis evaluator 1228 may determine how well the associated signal 
characteristics used for locating a target MS compare with particular verified loc 
sigs stored in the location signature data base 1 320 (see the location signature data 
base section for further discussion regarding this aspect of the invention). That is, 
for a given location hypothesis, verified loc sigs (which were previously obtained 
fi*om one or more verified locations of one or more MS's) are retrieved for an area 
corresponding to the location area estimate of the location hypothesis, and the 
signal characterisfics of these verified loc sigs are compared with the signal 
characteristics used to generate the location hypothesis for determining their 
similarities and subsequently an adjustment to the confidence of the location 
hypothesis (and/or the size of the location area estimate); 

(30.4) the hypothesis evaluator 1228 may determine if (or how well) such location 
hypotheses are consistent with well known physical constraints such as the laws of 
physics. For example, if the difference between a previous (most likely) location 
estimate of a target MS and a location estimate by a current location hypothesis 
requires the MS to: 

(a 1) move at an unreasonably high rate of speed (e.g., 200 mph), or 



. (til) move at an unreasonably high rate ofspeed for an area (e.g., 80 mph in 
a com patch), or 

(cl) make unreasonably sharp velocity changes (e.g., from 60 mph in one 
direction to 60 mph in the opposite direction in 4 sec), then the 
confidence in the current Location Hypothesis is likely to be reduced. ' 
Alternatively, if for example, the difference between a previous location 
estimate of a target MS and a current location hypothesis indicates that the MS is: 
(a2) moving at an appropriate velocity for the area being traversed, or 
(b2) moving along an established path (e.g., a freeway), 
then the confidence in the current location hypothesis may be increased. 

(30.5) the hypothesis evaluator 1228 may determine consistencies and inconsistencies 
between location hypotheses obtained from different first order models. For 
example, if two such location hypotheses, for substantially the same timestamp, . 
have estimated location areas where the target MS is likely to be and these areas 
substantially overlap, then the confidence in both such location hypotheses may be 
increased. Additionally, note that a velocity of an MS may be detemimed (via 

. deltas of successive location hypotheses from one or more first order models) even 
when there is low confidence in the location estimates for the MS, since such 
deltas may, in some cases, be more reliable than the actual target MS location 
estimates; 

(30.6) the hypothesis evaluator 1228 determines new (more accurate) location 
hypotheses from other location hypotheses. For example, this module may 
generate new hypotheses from currently active ones by decomposing a location , 
hypothesis having a target MS location estimate intersecfing two radically 
different wireless signaling area types. Addifionally, this module may generate 
location hypotheses indicating areas of poor reception; and 

(30.7) the hypothesis evaluator 1228 determines and outputs a most likely location 
hypothesis for a target MS. 

Note that additional description of the hypothesis evaluator 1228 can be found 
in one of the following two copending U.S. patent applicafions which are incorporated 



herein by reference: (a) "Location Of A Mobile Station" filed Nov. 24, 1999 having 
Application No. 09/194,367 whose inventors are D. J, Dupray and C. L. Karr, and (b) 
"A Wireless Location System For Calibrating Multiple Location Estimators" filed 
October 21, 1998 having Application No. 09/176,587 whose inventor is D. J. Dupray, 
5 wherein these copending patent applications may have essential material for the 
present specification. In particular, these copending patent applications may have 
essential material relating to their descriptions of the hypothesis evaluator. 

Context Adjuster Introduction. 

The context adjuster (alternatively denoted "location adjuster modules)4326 
10 module enhances both the comparability and predictability of the location hypotheses 
output by the first order models 1224. In one embodiment (typically where confidence 
values of location hypotheses are not maintained as probabilities), this module modifies 
location hypotheses received from the FOMs 1224 so that the resulting location 
hypotheses output by the context adjuster 1 326 may be further processed uniformly and 
15 substanfially without concern as to differences in accuracy between the first order 

models from which locafion hypotheses originate.. Further, embodiments of the context 
adjuster may determine those factors that are perceived to impact the perceived 
accuracy (e.g., confidence) of the locafion hypotheses:. For instance, environmental 
characteristics may be taken into account here, such as time of day, season, month, 
20 weather, geographical area categorizations (e.g., dense urban, urban, suburban, rural, 

mountain, etc.), area subcategorizations (e.g., heavily treed, hilly, high traffic area, etc.). 

In Fig. 16, two such adjuster modules are shown, namely, an adjuster for 
enhancing reliability 1436 and an adjuster for enhancing accuracy 1440. Both of these 
adjusters perform their location hypothesis adjustments in the manner described above. 
25 The difference between these two adjuster modules 1436 and 1440 is primarily the 
size of the localized area "nearby" the newly generated location estimate. In 
particular, since it is believed that the larger (smaller) the localized nearby area is, the 
more likely (less likely) the corresponding adjusted image is to contain the target 
mobile station location, the adjuster for enhancing reliability 1436 may determine its . 



localized areas "nearby" a newly generated location estimate as, for example, having a 
40% larger diameter (alternatively, area) than the location area estimate generated by 
a first order model 1224. Alternatively, the adjuster for enhancing accuracy 1444 may 
determine its localized areas "nearby" a newly generated location estimate as, for 
5 example, having a 30% smaller diameter (alternatively, area) than the location area 
estimate generated by a first order model 1224. Thus, each newly generated location 
hypothesis can potentially be used to derive at least two additional adjusted location 
hypotheses with some of these adjusted location hypotheses being more reliable and 
some being more accurate than the location hypotheses generated directly from the 

10 first order models 1224. 

Note that additional description of context adjuster aspects of the present 
invention can be found in the following two copending U.S. patent applications which 
are incorporated herein by reference: (a) "Location Of A Mobile Station" filed Nov. 
24, 1999 having Application No. 09/194,367 whose inventors are D. J. Dupray and C. 

15 L- Karr, and (b) "A Wireless Location System For Calibrating Multiple Location 
Estimators" filed October 21, 1998 having Application No. 09/176,587 whose 
inventor is D. J. Dupray, wherein these copending patent applications may have 
essential, material for the present specification. In particular, these copending patent 
applications may have essential material relating to the context adjuster 1326. 

20 MS Status Repository Introduction 

The MS status repository 1338 is a run-time storage manager for storing location 
hypotheses from previous activations of the location engine 139 (as well as for storing 
the output "most likely" target MS location estimate(s)) so that a target MS 140 may be 
tracked using target MS location hypotheses from previous location engine 139 

25 activations to determine, for example, a movement of the target MS 140 between 
evaluations of the target MS location. 

Location Hypothesis Analyzer Introduction. 



The location hypothesis analyzer 1332, may adjust confidence values of the 
iocation hypotheses, according to; 

(a) heuristics and/or statistical methods related to how well the signal 
characteristics for the generated target MS location hypothesis matches with 
previously obtained signal characteristics for verified MS locations. 

(b) heuristics related to how consistent the location hypothesis is with physical 
laws, and/or highly probable reasonableness conditions relating to the location 
of the target MS and its movement characteristics. For example, such 
heuristics may utilize knowledge of the geographical terrain in which the MS is 
estimated to be, and/or, for instance, the MS velocity, acceleration or 
extrapolation of an MS position, velocity, or acceleration. 

(c) generation of additional location hypotheses whose MS locations are 

consistent with, for example, previous estimated locations for the target MS. 

Note that additional description of this aspect of the present invention can be 
found in one of the following copending U.S. patent application which is incorporated 
herein by reference: "Location Of A Mobile Station" filed Nov. 24, 1999 having 
Application No. 09/194,367 whose inventors are D. J. Dupray and C. L. Karr.. 

Most Likelihood Estimator 

The most likelihood estimator 1 344 is a module for determining a "most likely" 
location estimate for a target MS being located by the location engine 139. The most 
likelihood estimator 1344 receives a collection of active or relevant location hypotheses 
from the hypothesis analyzer 1332 and uses these location hypotheses to determine one 
or more most likely estimates for the target MS 140. 

There are various embodiments of the most likelihood estimator 1 344 that may 
be utilized with the present invention. One such embodiment will now be described. At 
a high level, an area of interest is first determmed which contains the target MS 140 , 
whose location is desired. This can be straightforwardly determined by identifying the 
base stations 122 that can be detected by the target MS 140 and/or the base stations 140 
that can detect the target MS. Subsequently, assuming that this area of interest has been 



previously partitioned into "cells" (e.g., small rectangular areas of, for example, 50 to 
200 feet per side) and that the resulting location hypotheses for estimating the location of 
the target MS 140 each have a likelihood probability associated therewith, then for each 
such location hypothesis, a probability (more generally confidence value) is capable of 
5 being assigned to each cell intersecting and/or included in the associated target MS 

location estimate. In particular, for each location hypothesis, a portion of the probability 
value, P, for the associated location estimate. A, can be assigned to each cell, C, 
intersecting the estimate. One simple way to perform this is to divide P by the number of 
cells C, and increment, for each cell C, a corresponding probability indicative of the 
10 target MS 140 being in C with the result from the division. One skilled in the art will 
readily recognize numerous other ways of incrementing such cell probabilities, 
including: providing a Gaussian or other probabilistic distribution of probability values 
according to, e.g., the distance of the cell from the centroid of the location estimate. 
Accordingly, assuming all such probability increments have been assigned to all such , 
1 5 cells C from all location hypotheses generated for locating the target MS 140, then the 
following is one embodiment of a program for determining one or more most likely 
locations of the target MS. 

Desired_rei <- get the desired reliability for the resulting location estimate;, 
Max_size get the desired maximum extent for the resulting location estimate; 
20 Binned__cells <r sort the cells of the area of interest by their probabilities into 

bins where each successive bin includes those cells whose 
confidence values are within a smaller (non-overlapping) range 
from that of any preceding bin . Further, assume there are, e.g., 
100 bins Bi wherein Bi has cells with confidences within the 
25. range [0, 0. 1], and Bi has cells with confidences within the range [ 

(i- 1)* 0.01, i * 0.01]. 

Result ^ nil; 

Curr_rel <- 0; /* current likelihood of target MS 140 being in the area 
represented by "Result" */ 
30 Done 4- FALSE; 



Repeat 

Cell_bin ^ get first (next) bin of cells from Binned_ceUs; 
While (there are cells in CelJ_bin) do 

Curr^cell <- get a next cell from Cell_bin that is closest to the 
centroid of "Result"; , . 

Result ^ Result + Curr_cell; 

/* now determine a new reliabiUty value corresponding to adding 
"Curr_ceir' to the most likely location estimate being built in 
"Result"*/ 

Curr_rel <- Curr_rel + confidence_of_MS_in(Curr_cefi); 
If (Curr_rel > Desired_rel) then 
Done <r TRUE; 

Until Done; 

/* reliability that the target MS is in "Result" is sufficient */ 

Curr_si2e <- current maximum geographic extent (i.e., dimension) of the area 

represented by "Result"; 
If (Curr_size <= Max_size) then output(Result); 

Else Determine whether. "Result" has one or more outlying cells that can be 
replaced by other cells closer to the centroid of "Result" and still have a . 
rehability >= "Desired_rel"; 
If (there are replaceable outlier cells) then 
^ replace them in Result and output(Result); 
Else output(Result); 
Note that numerous similar embodiments of the above program maybe used, as 
one skilled in the art will understand. For instance, instead of "building" Result as 
provided in the above program, Result can be "whittled" from the area of interest. 
Accordingly, Result would be initialized to the entire area of interest, and cells would be 
selected for removal from Result. Additionally, note that the above program determines 
a fast approximation to the optimal most likely area containing the target MS 140 having 
at least a particular desired confidence. However, a similar program may be readily 



provided where a most likely area having less than a desired extent or dimension is 
output; e.g., such a program would could be used to provide an answer to the question: 
"What city block is the target MS most likely in?" 

Additionally, note that a center of gravity type of computation for obtaining the 
most likely location estimate of the target MS 140 may be used as described in U.S 
patent 5,293,642 ('642 patent) filed Dec. 19, 1990 having, an issue data of Mar. 8, 
1 994 with inventor Lo which is incorporated by reference herein and may contain 
essential material for the present invention. 

Still referring to the hypothesis evaluator 1228, it is important to note that not all 
the above mentioned modules are required in all embodiments of the present invention. 
In particular, the hypothesis analyzer 1332 may be unnecessary. Accordingly, in such an 
embodiment, the enhanced location hypotheses output by the context adjuster 1326 are 
provided directly to the most likelihood estimator 1344. 

Control and Output Gating Modules 

A fourth flinctional group of location engine 139 modules is the control and 
output gating modules which includes the location center control subsystem 1350, and 
the output gateway 1356. The location control subsystem 1350 provides the highest 
level of control and monitoring of the data processing performed by the location center 
142. In particular, this subsystem performs die following functions: 

(a) controls and monitors location estimating processing for each target MS 140. 
Note that this includes high level exception or error handling functions; 

(b) receives and routes external information as necessary. For instance, this 
subsystem may receive (via, e.g., the public telephone switching network and 
Intemet 468) such environmental information as increased signal noise in a 
particular service area due to increase traffic, a change in weather conditions, 
a base station 122 (or other infrastructure provisioning), change in operation 
status (e.g., operational to inactive); 



(c) receives and directs location processing requests from other location centers 
142 (via, e.g., the Internet); 

(d) performs accounting and billing procedures such as billing according to MS 
location accuracy and the frequency with which an MS is located; 

5 (e) interacts with location center operators by, for example, receiving operator 

commands and providing output indicative of processing resources being 
utilized and malfunctions; 
(f) provides access to output requirements for various applications requesting 
location estimates. For example, an Intemet location request from a trucking 
1 0 • company in Los Axigeles to a location center 1 42 in Denver may only want to 

know if a particular truck or driver is. within the Denver area. Alternatively, a 
local medical rescue unit is likely to request a precise a location estimate as 
possible. 

Note that in Fig. 6, (a) - (d) above are, at least at a high level, performed by 
15 utilizing the operator interface 1374 . 

Referring now to the output gateway 1356, this module routes target MS 140 
location estimates to the appropriate location application(s). For instance, upon 
receiving a location estimate from the most likelihood estimator 1344, the output 
gateway 1356 may determine that the location estimate is for an automobile being 
20 tracked by the police and therefore must be provided must be provided according to the 
particular protocol. 

System Tuning and Adaptation: The Adaptation Engine 

A fifth functional group of location engine 1 39 modules provides the ability to 
enhance the MS locating rehability and/or accuracy of the present invention by providing 
25 , it with the capability to adapt to particular operating configurations, operating conditions 
and wireless signaling environments without performing intensive manual analysis of the 
performance of various embodiments of the location engine 139. That is, this functional 
group automatically enhances the performance of the location engine for locating MSs 



140 within a particular coverage area 120 using at least one wireless network 
infrastructure therein. More precisely, this functional group allows the present invention 
to adapt by tuning or optimizing certain system parameters according to location engine 
139 location estimate accuracy and reliability. 
5 There are a number location engine 139 system parameters whose values affect 

location estimation, and it is an aspect of the present invention that the MS location 
processing performed should become increasingly better at locating a target MS 140 not 
only through building an increasingly more detailed model of the signal characteristics of 
location in the coverage area 120 such as discussed above regarding the location 

10 signature data base 1320, but also by providing automated capabilities for the location 
center processing to adapt by adjusting or "tuning" the values of such location center 
system parameters. . ' 

Accordingly, the present invention may include a module, denoted herein as an 
"adaptation engine" 1382, that performs an optimization procedure on the location center 

15 142 system parameters either periodically or concurrently with the operation of the 
location center in estimating MS locations. That is, the adaptation engine 1 382 directs 
the modifications of the system parameters so that the location engine 1 39 increases in . 
overall accuracy in locating target MSs 140. In one embodiment, the adaptation engine 
1382 includes an embodiment of a genetic algorithm as the mechanism for modifying the 

20 system parameters. Genetic algorithms are basically search algorithms based on the 
mechanics of natural genetics. 

Note that additional description of this aspect of the present invention can be 
found in one of the following two copending U.S. patent applications which are 
incorporated herein by reference: (a) "Location Of A Mobile Station" filed Nov. 24, 

25 1999 having Application No. 09/194,367 whose inventors are D. J. Dupray and C. L. 
Karr, and (b) "A Wireless Location System For Calibrating Multiple Location 
Estimators" filed October 21, 1998 having Application No. 09/176,587 whose 
inventor is D. J. Dupray, wherein these copending patent applications may have 
essential material for the present specification, hi particular, these copending patent 

30 applications may have essential material relating to the use of genetic algorithm 



implementations for adaptive ly tuning system parameters of a particular embodiment 
of the present invention. . 

Implementations of First Order Models 

Further descriptions of various first order models 1 224 are provided in this 
5 section. However, it is important to note that these are merely representative 

embodiments of location estimators that are within the scope of the present invention. 
In particular, two or more of the wireless location technologies described hereinbelow 
may be combined to created additional First Order Models. For example, various 
triangulation techniques between a target MS 1 40 and the base station infrastructure 
10 (e.g., time difference of arrival (TDOA) or time of arrival (TOA)), may be combined 
. with an angle of arrival (AO A) technique. For instance, if a single direct line of sight 
angle measurement and a single direct line of sight distance measurement determined 
by, e.g., TDOA or TOA can effectively location the target MS 140. In such cases, the 
resulting First Order Models may be more complex. However, location hypotheses 
15 , may generated from such models where individually the triangulation techniques and 
the AOA techniques would be unable to generate effective location estimates. 

Terrestrial Communication Station Offset (TCSO) First Order Models (e.g., 
TOA/TDOA/AOA) 

As discussed in the Location Center Architecture Overview section herein 
20 above, TCSO niodels determine a presumed direction and/or distance (more generally, 
an offset) that a target MS 140 is from one or more base stations 122. In some 
embodiments of TCSO models, the target MS location estimate(s) generated are 
obtained using radio signal analysis techniques that are quite general and therefore are 
not capable of taking into account the peculiarities of the topography of a particular 
25 radio coverage area. For example, substantially all radio signal analysis techniques 
using conventional procedures (or formulas) are based on "signal characteristic 
measurements" such as: 

(a) signal timing measurements (e.g., TO A and TDOA), and/or 



(b) signal strength measurements. 
Furthermore, such signal analysis techniques are likely predicated on certain very 
general assumptions that can not fully account for signal attenuation and multipath due 
to a particular radio coverage area topography. 
5 Taking CDMA or TDMA base station network as an example, each base 

station (BS) 122 is required to emit a constant signal -strength pilot channel pseudo- 
noise (PN) sequence on the forward link channel identified uniquely in the network by 
a pilot sequence offset and frequency assignment. It is possible to use the pilot 
channels of the active, candidate, neighboring and remaining sets, maintained in the 
10 target MS, for obtaining signal characteristic measurements (e.g., TOA and/o7 TDOA 
measurements) between the target MS 140 and^the base stations in one or more of 
these sets. 

Based on such signal characteristic measurements and the speed of signal 
propagation, signal characteristic ranges or range differences related to the location of 

15 the target MS 140 can be calculated. Using TOA and/or TDOA ranges as exemplary, 
these ranges can then be input to either the radius-radius multilateration or the time 
difference multilateration algorithms along with the known positions of the 
corresponding base stations 122 to thereby obtain one or more location. estimates of 
the target MS 140. For example, if there are, four base stations 122 in the active set, 

20 the target MS 1 40 may cooperate with each of the base stations in this set to provide 
signal arrival time measurements. Accordingly, each of the resulting four sets of three 
of these base stations 122 may be used to provide an estimate of the target MS 140 as 
one skilled in the art will understand. Thus, potentially (assuming the measurements 
for each set of three base stations yields a feasible location solution) there are four 

25 estimates for the location of the target MS 140. Further, since such measurements and 
BS 122 positions can be sent either to the network or the target MS 140, location can 
be determined in either entity. 

Since many of the signal measurements utilized by embodiments of TCSO 
models are subject to signal attenuation and multipath due to a particular area 

30 topography. Many of the sets of base stations from which target MS location . 



estimates are desired may result in either no location estimate, or an inaccurate 
location estimate. 

Accordingly, some embodiments of TCSO FOMs may attempt to mitigate such 
ambiguity or inaccuracies by, e.g., identifying discrepancies (or consistencies) between 
5 arrival time measurements and other measurements (e.g., signal strength), these 
discrepancies (or consistencies) may be used to filter out at least those signal 
measurements and/or generated location estimates that appear less accurate. In 
particular, such identifying and filtering may be performed by, for example, an expert 
system residing in the TCSO FOM, 

10 Another approach for enhancing certain location techniques such as TDOA or 

angle or arrival (AO A) is that of super resolution as disclosed in U.S. patent 5,890,068 
filed on Oct 3, 1996 having an issue date of Mar. 30, 1999 with inventors Fattouche et. 
al. which is incorporated by reference herein and which may contain essential material 
for the present invention. In particular, the following portions of the '068 patent are 

15 particularly important: the Summary section, the Detailed Description portion 
regarding Figs. 12-17, and the section titled "Description Of The Preferred 
. Embodiments Of The Invention." 

Another approach, regardless of the FOM utilized, for mitigating such 
ambiguity or conflicting MS location estimates is particularly novel in that each of the 

20 target MS location estimates is used to generate a location hypothesis regardless of its 
apparent accuracy. Accordingly, these location hypotheses are input to an embodiment 
of the context adjuster 1326 . In particular, in one context adjuster 1326 embodiment 
each location hypothesis is adjusted according to past performance of its generating 
FOM 1224 in an area of the initial location estimate of the location hypothesis (the 

25 area, e.g., determined as a function of distance from this initial location estimate), this 
alternative embodiment adjusts each of the location hypotheses generated by a first 
order model according to a past performance of the model as applied to signal 
characteristic measurements from the same set of base stations 122 as were used in 
generating the location hypothesis. That is, instead of only using only an 

30 identification of the first order model (i.e., its FOM_ID) to, for example, retrieve 



archived location estimates generated by the model in an area of the location 
hypothesis' estimate (when determining the model's past performance), the retrieval 
retrieves the archived location estimates that are, in addition, derived from the signal 
characteristics measurement obtained from the same collection of base stations 122 as 
5 was used in generating the location hypothesis. Thus, the adjustment performed by 
this embodiment of the context adjuster 1326 adjusts according to the past 
performance of the distance model and the collection of base stations 122 used. 

Note in one embodiment, such adjustments can also be implemented using a 
precomputed vector location error gradient field. Thus, each of the location error 

10 vectors (as determined by past performance for the FOM) of the gradient field has its 
starting location at a location previously generated by the FOM, and its vector head at 
a corresponding verified location where the target MS 1 40 actually was. Accordingly, 
for a location hypothesis of an unknown location, this embodiment determines or 
selects the location error vectors having starting locations within a small area (e.g., 

15 possibly of a predetermined size, but alternatively, dependent on the density of the 
location error vector starting locations nearby to the location hypothesis) of the 
location hypothesis. Additionally, the determination or selection may also be based 
upon a similarity of signal characteristics also obtained from the target MS 140 being 
located with signal characteristics corresponding to the starting locations of location 

20 error vectors of the gradient field. For example, such sign characteristics may be, e.g., 
time delay/signal strength multipath characteristics. 

A ngl eOfA r rival First Order Model 

Various mobile station location estimating models can be based on the angle of 
arrival (AOA) of wireless signals transmitted from a target MS 140 to the base station 
25 infrastructure as one skilled in the art will understand. Such AOA models (sometimes 
also referred to as direction of arrival or DOA models) typically require precise 
angular measurements of the wireless signals, and accordingly utilize specialized 
antennas at the base stations 122. The determined signal transmission angles are 



subject to multipath aberrations. Therefore, AO A is most effective when there is an 
unimpeded hne-of-sight simultaneous transmission between the target MS 140 and at 
least two base stations 122. 

TCSO (Grubeck) FOM with Increased Accuracy Via Multiple MS Transmissions 

Another TCSO first order model 1224, denoted the Grubeck model (FOM) 
herein, is disclosed in U.S. Patent 6,009,334 filed Nov. 26, 1997 and issued Dec. 28, 
1 999 having Grubeck, Fischer, and Lundqvist as inventors, this patent being fully 
incorporated herein by reference. The Grubeck model includes a location estimator for 
determining more accurately the distance between a wireless receiver at (RX), e.g., a 
OMRS fixed location communication station (such as a BS 122) and a target MS 140, 
wherein wireless signals are repeatedly transmitted from the target MS 1 40 and may be 
subject to multipath. An embodiment of the Grubeck model may be applied to TO A, 
TDOA, and/or AOA wireless measurements. For the TOA case, the following steps 
are performed: 

(a) transmitting "M" samples s\ 1 <=I<=^M of the same wireless signal from, 
e.g., the target MS 140 to the RX. Preferably M is on the order of 50 to 
1 00 (e.g., 70) wireless signal bursts, wherein each such burst contains a 
portion having an identical known contents of bits (denoted a training 
sequence). However, note that a different embodiment can use (e.g., 
70) received bursts containing different (non-identical) information, but 
information still known to the RX.; 

(b) receiving the "M" signal samples Si along with multipath components 
and noise at, e.g., RX; 

(c) for each of the received "M" samples Sj, determining at the RX an 
estimated channel power profile (CPPi). Each CPPi is determined by 
first determining, via a processor at the RX, a combined correlation , 
response ("Channel Impulse Response" or CIRi) of a small number of 
the bursts (e.g., 5) by correlafing each burst with its known contents. 



Accordingly; the squared absolute value of the CIRi is the "estimated . 
channel power profile" or CPPi; 

(d) (randomly) selecting "N" (e.g., 10) out of the "M" received samples; 

(e) performing incoherent integration of the CPPi for the "N" samples 
selected, which results in an integrated signal, i.e., one integrated 
channel power profileJCPP(Ni); 

(f) , determining if the signal-to-noise quality of the ICPP(Ni) is greater than 

or equal to a predetermined threshold value, and if not, improving the 
signal-to-noise quality of ICPP(Ni) as required, by redoing the 
incoherent integration with successively one additional received sample 
CPPi until the signal-to-noise quality of the ICPP(Ni) is greater than or 
equal to the predetermined threshold value; 

(g) ' determining the TOA(i), iiicluding the case of determining TOA(i) 

from the maximum signal amplitude; 

(h) entering the determined TOA(i) value into a diagram that shows a 
frequency of occurrence as a function of TOA(i); 

(i) repeating the whole procedure "X" times by selecting a new 
combination of "N" out of "M" samples, which results in "X" additional 
points in the frequency of occurrence diagram; 

(j) reading the minimum value TOA(min) as the time value having "z" of 
all occurrences with higher TOA(i) values and "1-z" of all occurrences 
with lower TOA(i) values, where z>0.7. 
As mentioned above, an embodiment of the Grubeck FOM may also be 
provides for TDOA and/or AOA wireless location techniques, wherein a similar 
incoherent integration may be performed. 

Note that a Grubeck FOM may be particularly useful for locating a target MS 
140 in a GSM wireless network. 



TCSO (Pari) FOM Using Different Tones and Multiple Antennas at BSs 122 

A first order model 1224, denoted the Pari model herein, is substantially 
disclosed in U.S. Patent 5,883,598 (denoted the '598 Patent herein) filed Dec. 15, 
1995 and issued Mar. 16, 1999 having Pari, Bussgang, Weitzen and Zagami as 
5 inventors, this patent being fully incorporated herein by reference. The Pari FOM 
includes a system for receiving representative signals (denoted also "locating 
signal(s)") fi-om the target MS 140 via, e.g., base stations 122 and subsequently 
combines information regarding the amplitude and phase of the MS transmitted signals 
received at the base stations to determine the position of the target MS 140. one 

10 embodiment, the Pari model uses input from a locating signal having two or more 
single-frequency tones, as one skilled in the art will understand. Moreover, at least 
some of the base stations 122 preferably includes at least two antennas spaced from 
each other by a distance between a quarter wavelength and several wavelengths of the 
wireless locating signals received from the target MS 140. Optionally, another antenna 

15 vertically above or below the two or more antennas also spaced by a distance of 

between a quarter wavelength and several wavelengths can be used where elevation is 
also being estimated. The base stations 1 22 sample locating signals from the target 
MS 140. The locating signals include tones that can be at different frequencies. The 
tones can also be transmitted at different times, or, in an alternative embodiment, they 

20 can be transmitted simultaneously. Because, in one embodiment, only single- 
frequency tones are used as the locating signal instead of modulated signals, 
substantial transmission circuitry may be eliminated. The Pari FOM extracts 
information from each representative signal received from a target MS 144, wherein at 
least some of the extracted information is related to the amplitude and phase of the 

25 received signal. 

In one embodiment of a Parly FOM, related to the disclosure in the '598 
Patent, when the locations of the BSs 1 22 are known, and the direction from any two 
of the BSs 122 to the target MS 140, the MS's location can be initially (roughly) 
determined by signal direction finding techniques. For example, an estimate of the 



phase difference between the signals at a pair of antennas at any BS 122 (having two 
such antennas) can lead to the determination of the angle from the base station to the 
target MS 140, and thus, the determination of the target MS direction. Subsequently, 
an enhanced location of the target MS 140 is computed directly from received target 
5 MS signal data using an ambiguity function A(x,y) described in the '598 Patent, 
wherein for each point at x,y, the ambiguity function A(x,y) depends upon the 
probability that the MS is located at the geolocation represented by (x,y). Essentially 
the Pari FOM combines angle of arrival related data and TDOA related data for 
obtaining an optimized estimate of the target MS 140. However, it appears that 

10 independent AOA and TDOA MS locations are not used in determining a resuhing 
. target MS location (e.g., without the need for projecting lines at angles of arrival or 
computing the intersection of hj^erbolas defined by pairs of base stations). Instead, 
the Pari FOM estimates the target MS's location by minimizes a joint probability of 
location related errors. In particular, such minimization may use the mean square 

15 error, and the location (x, y) at which minimization occurs is taken as the estimate of 
the target MS 140. In particular, the ambiguity function A(x,y) defines the error 
involved in a position determination for each point in a geolocation Cartesian 
coordinate system. The Pari model optimizes the ambiguity function to select a point 
x,y at which the associated error is minimized. The resulting location for (x, y) is 

20 taken as the estimate of the location of the target MS 140. Any of several different 
optimization procedures can be used to optimize the ambiguity function A(x,y). E.g., 
a first rough estimate of the target MS's location may be obtained by direction finding 
(as discussed above). Next, six points x,y may be selected that are in close proximity 
to the estimated point. The ambiguity function A(x,y) is solved for each of the x,y 

25 points to obtain six values. The six computed values are then used to define a 

parabolic surface. The point x,y at which the maximum value of the parabolic surface 
occurs is then taken as the estimate of the target MS 140. However, other 
optimization techniques may also be used. For example, a standard technique such as 
an iterative progression through trial and error to converge to the maximum can be 

30 used. Also, gradient search can be used to optiniize the ambiguity fiinction. In the 



case of three-dimensional location, the two-dimensional ambiguity function A(x,y) is 
extended to a three-dimensional function A(x,y,z). As in the two-dimensional case, 
the ambiguity function may be optimized to select a point x,y,z as the best estimate of 
the target MS's location in three dimensions. Again, any of several known 
5 optimization procedures, such as iterative progression through trial and error, gradient 
search, etc., can be used to optimize the ambiguity function. 

TCSO FOM Using TDOA/AOA Measurements From an MBS 148 and/or an LBS 152 

It is believed clear from the location center/gateway 142 architecture and from 
the architecture of the mobile station location subsystem (described in a separate 

10 section hereinbelow) that target MS 140 location related information can be obtained 
from an MBS 148 and/or one or more LBSs 152. Moreover, such location related 
information can be supplied to any FOM 1 224 that is able to accept such information 
as input. Thus, pattern recognition and adaptive FOMs may accept such information, , 
However, to provide an alternative description of how MS location related information 

15 from an MBS and/or LBS may be used, reference is made to U.S. Patent 6,03 1 ,490 
(denoted the '490 Patent herein) filed Dec. 23, 1997 and issued Feb. 29, 2000 having 
Forssen, Berg and Ghisler as inventors, this patent being fully incorporated herein fiilly 
by reference. A TCSO FOM (denoted the FORSSEN FOM herein) using TDOA/AOA 
is disclosed in the '490 Patent. 

20 The FORSSEN FOM includes a location estimator for determining the Time 

Difference of Arrival (TDOA) of the position of a target MS 140, which is based on 
Time of Arrival (TO A) and/or AOA measurements. This FOM uses data received 
from "measuring devices" provided within a wireless telecommunications network. 
The measuring devices measure TOA on demand and (optionally) Direction of Arrival 

25 (DO A), on a digital uplink time slot or on digital information on an analog uplink 

traffic channel in one or more radio base stations. The TOA and DO A information and 
the traffic channel number are reported to a Mobile Services Switching Center (MSC), 
which obtains the identity of the target MS 140 from the traffic channel number and * 



sends the terminal identity and TOA and DOA measurement information to a Service 
Node (e.g., location center 142) of the network. The Service Node calculates the 
position of the target MS 140 using the TOA information (supplemented by the DOA 
information when available). Note, that the TLME model may utilize data from a 
5 second mobile radio terminal is colocated on a mobile platform (auto, emergency 

vehicle, etc.) with one of the radio base stations (e.g., MBS 148), which can be moved 
into relatively close proximity with the target MS 140. Consequently, by moving one 
of the radio base stations (MBSs) close to the region of interest (near the target MS 
140), the position determination accuracy is significantly improved. 
10 Note that the '490 Patent also discloses techniques for rising the target MS's 

transmission power for thereby allowing wireless signals from the target MS to be 
better detected by distant BSs 122. 

Coverage Area First Order Model 

Radio coverage area of individual base stations 122 may be used to generate 
15 location estimates of the target MS 140. Although a first order model 1224 based on 
this notion may be less accurate than other techniques, if a reasonably accurate RF 
coverage area is known for each (or most) of the base stations 122, then such a POM 
(denoted hereinafter as a "coverage area first order model" or simply "coverage area 
model") may be very reliable. To determine approximate maximum radio frequency 
20 (RF) location coverage areas, with respect to BSs 122, antennas and/or sector coverage 
areas, for a given class (or classes) of (e.g., CDMA or TDM A) mobile station(s) 140, 
location coverage should be based on an MS' s ability to adequately detect the pilot 
channel, as opposed to adequate signal quality for purposes of carrying user-acceptable 
traffic in the voice channel. Note that more energy is necessary for traffic channel 
25 activity (typically on the order of at least -94 to -104 dBm received signal strength) to 
support voice, than energy needed to simply detect a pilot channel's presence for 
location purposes (typically a maximum weakest signal strength range of between - 1 04 
to -1 10 dBm), thus the "Location Coverage Area" will generally be a larger area than 



that of a typical "Voice Coverage Area", although industry studies have found some 
occurrences of "no-coverage" areas within a larger covered area 

The approximate maximum RF coverage area for a given sector of (more 
generally angular range about) a base station 122 may be represented as a set of points 
representing a polygonal area (potentially with, e.g., holes therein to account for dead 
zones and/or notches). Note that if such polygonal RF coverage area representations 
can be reliably determined and maintained over time (for one or more BS signal power 
level settings), then such representations can be used in providing a set theoretic or 
Venn diagram approach to estimating the location of a target MS 140. Coverage area 
first order models utilize such an approach. 

One embodiment, a coverage area model utilizes both the detection and non- 
detection of base stations 122 by the target MS 140 (conversely, of the MS by one or 
more base stations 122) to define an area where the target MS 140 may likely be. A 
relatively straightforward application of this technique is to: 

(a) find all areas of intersection for base station RF coverage area 
representations, wherein: (i) the corresponding base stations are on-line for 
communicating with MSs 140; (ii) the RF coverage area representations are 
deemed reliable for the power levels of the on-line base stations; (iii) the 
on-line base stations having reliable coverage area representations can be 
detected by the target MS; and (iv) each intersection must include a 
predetermined number of the reliable RF coverage area representations 
(e.g., 2 or 3); and 

(b) obtain new location estimates by subtracting from each of the areas of 
intersection any of the reliable RF coverage area representations for base 
stations 122 that can not be detected by the target MS. 

Accordingly, the new areas may be used to generate location hypotheses. 



Satellite Signal Triangulation First Order Models 

As mentioned hereinabove, there are various satellite systems that may be used 
to provide location estimates of a target MS 140 (e.g., GPS, GLONASS, LEOs, and 
MEOs). In many cases, such location estimates can be very accurate, and accordingly 
5 such accuracy would be reflected in the present invention by relatively high confidence 
values for the location hypotheses generated from such models in comparison to other 
FOMs. However, it may be difficult for the target MS 140 to detect and/or lock onto 
such satellite signals sufficiently well to provide a location estimate. For example, it 
may be very unlikely that such satellite signals can be detected by the MS 140^ in the 
10 middle of high rise concrete buildings or parking structures having very reduced 
exposure to the sky. 

Hybrid Satellite and TCSO FOMs 

A first order model 1224, denoted the WAITERS FOM herein, is disclosed in 
U.S. Patent 5,982,324 filed May 14, 1998 and issued Nov. 9, 1999 having Watters, 

15 Strawczynski, and Steer as inventors, this patent being fully incorporated herein by 
reference. The WATTERS FOM includes a location estimator for determining the 
location of a target MS 140 using satellite signals to the target MS 140 as well as delay 
in wireless signals communicated between the target MS and base stations 122. For 
example, aspects of global positioning system (GPS) technology and cellular 

20 technology are combined in order to locate a target MS 140. The WATTERS FOM 
may be used to determine target MS location in a wireless network, wherein the 
network is utilized to collect differential GPS error correction data, which is forwarded 
to the target MS 140 via the wireless network. The target MS 140 (which includes a 
receiver R for receiving non-terrestrial wireless signals from, e.g,, GPS, or other 

25 satellites, or even airborne craft) receives this data, along with GPS pseudoranges 

using its receiver R, and calculates its position using this information. However, when 
the requisite number of satellites are not in view of the MS 140, then a pseudosatellite 
signal, broadcast from a BS 1 22 of the wireless network, is received by the target MS 



140 and processed as a substitute for the missing satellite signal. Additionally, in at 
least some circumstances, when the requisite number of satellites (more generally, 
non-terrestrial wireless transmitters) are not detected by the receiver R, then the target 
MS's location is calculated using the wireless network infrastructure via TDOA/TOA 
with the BSs 122 of the network. When the requisite number of satellites (more 
generally, non-terrestrial wireless transmitters) are again detected by the receiver R, 
then the target MS is again calculated using wireless signals from the non-terrestrial 
wireless transmitters. Additionally, the WAITERS FOM may use wireless signals 
already being transmitted from base stations 122 to the target MS 140 in wireless 
network to calculate a round trip time delay, from which a distance calculation 
between the base station and the target MS can be made. . This distance calculation 
substitutes for a missing non-terrestrial transmission signal. 

Location Base Station First Order Model 

In the location base station (LBS) model (FOM 1224), a database is accessed 
15 which contains electrical, radio propagation and coverage area characteristics of each 
of the location base stations in the radio coverage area. The LBS model is an active 
model, in that it can probe or excite one or more particular LBSs 152 in an area for 
which the target MS 140 to be located is suspected to be placed. Accordingly, the 
LBS model may receive as input a most likely target MS 140 location estimate 
20 previously output by the location engine 1 39 of the present invention, and use this 
location estimate to determine which (if any) LBSs 1 52 to activate and/or deactivate 
for enhancing a subsequent location estimate of the target MS. Moreover, the 
feedback from the activated LBSs 152 may be provided to other FOMs 1224, as 
appropriate, as well as to the LBS model. However, it is an important aspect of the 
25 LBS model that when it receives such feedback, it may output location hypotheses 
having relatively small target MS 140 location area estimates about the active LBSs 
1 52 and each such location hypothesis also has a high confidence value indicative of 
the target MS 1 40 positively being in the corresponding location area estimate (e.g., a 
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10 



confidence value of .9 to +1), or having a high confidence value indicative of the 
target MS 140 not being in the corresponding location area estimate (i.e., a confidence 
value of -0.9 to -1). Note that in some embodiments of the LBS model, these 
embodiments may have functionality similar to that of the coverage area first order 
5 model described above. Further note that for LBSs within a neighborhood of the 
target lylS wherein there is a reasonable chance that with movement of the target MS 
may be detected by these LBSs, such LBSs may be requested to periodically activate. 
(Note, that it is not assumed that such LBSs have an on-line external power source; 
e.g., some may be solar powered). Moreover, in the case where an LBS 152 includes 
10 sufficient electronics to carry voice communication with the target MS 140 and is the 
primary BS for the target MS (or altematively, in the active or candidate set), then the 
LBS model will not deactivate this particular LBS during its procedure of activating 
and deactivating various LBSs 152. 

Stochastic First Order Model ' 

15 - The stochastic first order models may use statistical prediction techniques such 

as principle decomposition, partial least squares, partial least squares, or other 
regression techniques for predicting, for example, expected minimum and maximum 
distances of the target MS from one or more base stations 122, e.g., BoUenger Bands. ' 
Additionally, some embodiments may use Markov processes and Random Walks 

20 (predicted incremental MS movement) for determining an expected area within which 
the target MS 140 is likely to be. That is, such a process measures the incremental time 
differences of each pilot as the MS moves for predicting a size of a location area 
estimate using past MS estimates such as the verified location signatures in the 
location signature data base 1320. 

25 Pattern Recognition and Adaptive First Order Models 

It is a particularly important aspect of the present invention to provide: 



(a) one or more FOMs 1224 that generate target MS 140 location estimates by 
using pattern recognition or associativity techniques, and/or 

(b) one or more FOMs 1224 that are adaptive or trainable so that such FOMs 
may generate increasingly more accurate target MS location estimates from 
additional training. 

Statistically Based Pattern Recognition First Order Models 

Regarding FOMs 1 224 using pattern recognition or associativity techniques, 
there are many such techniques available. For example, there are statistically based 
systems such as "CART" (acronym for Classification and Regression Trees) by 
ANGOSS Software International Limited of Toronto, Canada that may be used for 
automatically for detecting or recognizing patterns in data that were not provided (and 
likely previously unknown). Accordingly, by imposing a relatively fine mesh or grid 
of cells of the radio coverage area, wherein each cell is entirely within a particular area 
type categorization, such as the transmission area types (discussed in the section, 
"Coverage Area: Area Types And Their Determination" above), the verified location 
signature clusters within the cells of each area type may be analyzed for signal 
characteristic patterns. Accordingly, if such a characteristic pattern is found, then it 
can be used to identify one or more of the cells in which a target MS is likely to be 
located. That is, one or more location hypotheses may be generated having target MS 
140 location estimates that cover an area having the identified cells wherein the target 
MS 140 is likely to be located. Further note that such statistically based pattern 
recognition systems as "CART" include software code generators for generating expert 
system software embodiments for recognizing the patterns detected within a training 
set (e.g., the verified location signature clusters). 

A related statistical pattern recognition FOM 1224 is also disclosed in U.S. 
Patent 6,026,304, filed Jan. 8, 1997 and issued Feb. 15, 2000, having Hilsemath and 
. Wax as inventors, this patent (denoted the Hilsenrath patent herein) being incorporated 
herein fully by reference. An embodiment of a FOM 1224 based on the disclosure of 



the Hilsenrath patent is referred to herein as the Hilsenrath FOM. The Hilsenrath 
FOM includes a wireless location estimator that locates a target MS 140 using 
measurements of multipath signals in order to accurately determine the location of the 
target MS 140. More particularly, to locate the target MS 140, the Hilsenrath FOM 

5 uses wireless meastirements of both a direct signal transmission path and multipath 
transmission signals from the MS 140 to a base station 122 receiver. The wireless 
signals from the target MS 140 arrive at and are detected by an antenna array of the 
receiver at the BS 122, wherein the antenna array includes a plurality of antennas. A 
signal signature (e.g., an embodiment of a location signature herein) for this FOM may 

10 be derived from any combination of amplitude, phase, delay, direction, and 

polarization information of the wireless signals transmitted from the target MS 140 to 
the base station 122 receiver. The Hilsenrath FOM 1224 determines a signal signature 
from a signal subspace of a covariance matrix. In particular, for p antennas included 
in the base station receiver, these antennas are used to receive complex signal 

15 envelopes x.i(t), x.2 (t), . . . , x.p (t), respectively, which are conventionally grouped 
together to form a p-dimensional array vector x(t)=[xi (t),-X2(t), . . . , x.p (t)]^. The 
signal subspace may be determined froni a collection of M such array vectors x(t) by 
several techniques. In one such technique, the outer products of the M vectors are 
added together to form a pxp signal covariance matrix, R=l/M [x(ti)x(ti)" +. . . +x 

20 (tM)x(tM)"]- The eigenvalues of R whose magnitudes exceed a predetermined 

threshold determine a set of dominant eigenvectors. The signal subspace is the space 
spanned by these dominant eigenvectors. The signal signature is compared to a 
database of calibrated signal signatures and corresponding locations (e.g., an 
embodiment of the location signature data base 1 320), wherein the signal signatures in 

25 the database include representations of the signal subspaces (such as the dominant 
eigenvectors of the covariance matrices. Accordingly, a location whose calibrated 
signature best matches the signal signature of the target MS 140 is selected as the most 
likely location of the target MS 140. Note that the database of calibrated signal 
signatures and corresponding verified locations is generated by a calibration procedure 

30 in which a calibrating MS 140 transmits location data derived from a co-located GPS 



receiver to the base stations 122. Thus, for each of a plurality of locations distributed 
through a service area, the location has associated therewith: the (GPS or verified) 
location information and the corresponding signal signature of the calibrating MS 140. 
Accordingly, the location of a target MS 140 in the service area may be 
5 determined as follows. Signals originating from the target MS 1 40 at an unknown 
location are received at a base station 122. A signal processor, e.g., at the base station 
1 22, then determines the signal signature as described above. The signal signature is 
then compared with the calibrated signal signatures stored in the above described 
embodiment of the location signature database 1320 during the calibration procedure. 

10 Using a measure of difference between subspaces (e.g., an angle between subspaces), a 
set of likely locations is selected from this location signature database embodiment. 
These selected likely locations are those locations whose associated calibrated signal 
signatures differ by less than a minimum threshold value from the target MS 140 
signal signature. The difference measure is further used to provide a corresponding 

15 . measure of the probability that each of the selected likely locations is the actual target 
MS location. Moreover, for one or more of the selected likely location, the 
corresponding measure may be output as the confidence value for a corresponding 
location hypothesis output by a Hilsenrath FOM 1224. 

Thus, an embodiment of the present invention using such a Hilsenrath FOM 

20 1224 performs the following steps (a) -(d): 

(a) receiving at an anterma array provided at one of the base stations 1 22, 
signals originating from the target MS 140, wherein the signals comprise p- 
dimensional array vectors sampled from p antennas of the array; 

(b) determining from the received signals, a signal signature, wherein the 

25 signal signature comprises a measured subspace, wherein the array vectors 

x(t) are approximately confined to the measured subspace; 

(c) comparing the signal signature to previously obtained (and similarly 
computed) signal signatures, wherein each of the previously obtained signal 
signatures, SS, has associated therewith corresponding location data 

30 verifying the location where SS was obtained, wherein this step of 



comparing comprises substep of calculating differences between: (i) the 
measured subspace, and (ii) a similarly determined subspace for each of a 
plurality of the previously obtained signal signatures; and 
(d) selecting from the previously obtained signal signatures a most likely signal 
5 signature and a corresponding most likely location of the target MS 140 by 

, using the calculated differences; 
Note that regardless of the reliability some FOMs as described here may not be 
exceedingly accurate, but may be very reliable. Thus, since an aspect of at least some 
embodiments of the present invention is to use a plurality of MS location techniques 
10 (FOMs) for generating location estimates and to analyze the generated estimates 

(likely after being adjusted) to detect patterns of convergence or clustering among the 
estimates, even large MS location area estimates may be useful. For example, it can 
be the case that four different and relatively large MS location estimates, each having 
very high reliability, have an area of intersection that is acceptably precise and inherits 
15 the very high reliability from each of the large MS location estimates from which the 
intersection area was derived. 

Note, that another statistically based FOM 1224 may be provided wherein the 
radio coverage area is decomposed substantially as above, but in addition to using the 
signal characteristics for detecting useful signal patterns, the specific identifications of 
20 the base station 122 providing the signal characteristics may also be used. Thus, 

assuming there is a sufficient density of verified location signature clusters in some of 
the mesh cells so that the statistical pattern recognizer can detect pattems in the signal 
characteristic measurements, an expert system may be generated that outputs a target 
MS 140. location estimate that may provide both a reliable and accurate location 
25 estimate ofa target MS 140. 



Adaptive/Trainable First Order Models 

The term adaptive is used to describe a data processing component that can 
modify its data processing behavior in response to certain inputs that are used to . 



change how subsequent inputs are processed by the component. Accordingly, a data^ 
processing component may be "expHcitly adaptive" by modifying its behavior 
according to the input of expHcit instructions or control data that is input for changing 
the component's subsequent behavior in ways that are predictable and expected. That 
5 is, the input encodes explicit instructions that are known by a user of the component. 
Alternatively, a data processing component may be "implicitly adaptive" in that its 
behavior is modified by other than instructions or control data whose meaning is 
known by a user of the component. For example, such implicitly adaptive data 
processors may learn by training on examples, by substantially unguided exploration 

10 of a solution space, or other data driven adaptive strategies such as statisticaHy 

generated decision trees. Accordingly, it is an aspect of the present invention to utilize 
not only explicitly adaptive MS location estimators within FOMs 1224, but also 
implicitly adaptive MS location estimators. In particular, artificial neural networks 
(also denoted neural nets arid ANNs herein) are used in some embodiments as 

15 implicitly adaptive MS location estimators within FOMs. Thus, in the sections below, 
neural net architectures and their application to locating an MS is described. 

Artificial Neural Networks For MS Location 

Artificial neural networks may be particularly usefiil in developing one or more 
first order models 1224 for locating an MS 140, since, for example, ANNs can be 

20 trained for classifying and/or associatively pattern matching of various RF signal 
measurements such as the location signatures. That is, by training one or more 
artificial neural nets using RF signal measurements from verified locations so that RF 
signal transmissions characteristics indicative of particular locations are associated 
with their corresponding locations, such trained artificial neural nets can be used to 

25 provide additional target MS 140 locafion hypotheses. Moreover, it is an aspect of the 
present invention that the training of such artificial neural net based FOMs (ANN 
FOMs) is provided without manual intervention as will be discussed hereinbelow. 
Additional description of this aspect of the present invention can be found in the 



copending U.S. patent application titled "Location Of A Mobile Station" filed Nov. 
24, 1999 having Application No. 09/194,367 whose inventors are D. J. Dupray and C. 
L. Karr, which is incorporated herein by reference and wherein this copending patent 
application may have essential material for the present invention, hi particular, this 
5 copending patent application may have essential material relating to the use of ANNs 
as mobile station location estimators 1224. 

Other First Order Models 

U.S. patent 5,390,339 ('339 patent) filed Oct 23, 1991 having an issue date of 
Feb. 14, 1995 with inventor being Bruckert et. al. provides number of embodiments of 

1 0 wireless location estimators for estimating the location of a "remote unit." In 

particular, various location estimator embodiments are described in relation to Figs. 
IB and 2B therein. The location estimators in the '339 patent are, in general, directed 
. to determining weighted or adjusted distances of the "remote unit" (e.g., MS 140) 
from one or more "transceivers" (e.g., base stations 122). The distances are 

15 determined using signal strength measurements of wireless signals transmitted 

between the "remote unit" and the "transceivers." However, adjustments are in the 
signal strengths according to various signal transmission anomalies (e.g., co-channel 
interference), impairments and/or errors. Additionally, a signal RF propagation model 
may be utilized, and a likelihood of the "remote unit" being in the designated coverage 

20 areas (cells) of particular transceivers (e.g., base stations 12i2) is determined using , 
probabilistic techniques such as posteriori probabilities. Accordingly, the Bruckert 
'339 patent is fully incorporated by reference herein and may contain essential material 
for the present invention. 

U.S. patent 5,570,412 ('412 patent) filed Sept. 28, 1994 having an issue date of 

25 Oct. 29, 1996 with inventors LeBlanc et. al. provide further embodiments of wireless 
location estimators that may be used as First Order Models 1224. The location 
estimating techniques of the LeBlanc '412 patent are described with reference to Fig. 8 



and succeeding figures therein. At a high level, wireless location techniques of the 
'412 patent can be characterized by the following quote therefrom; 

"The location processing of the present invention focuses on the ability to 

predict and model RF contours using actual RF measurements, then performing 
5 data reduction techniques such as curve fitting technique, Bollinger Bands, and 

Genetic Algorithms, in order to locate a mobile unit and disseminate its 

location." 

Accordingly, the LeBlanc '412 patent is fully incorporated by reference herein and 
may contain essential material for the present invention. 

10 U.S. patent 5,293,645 ('645 patent) filed Oct. 4, 1991 having an issue^date of 

March 8, 1 994 with inventor Sood. provide further embodiments of wireless location 
estimators that may be used as First Order Models 1224. In particular, the '645 patent 
describes wireless location estimating techniques using triangulations or other 
geographical intersection techniques. Further, one such technique is described in 

15 column 6, line 42 through column 7, line 7. Accordingly, the Sood '645 patent is fully 
incorporated by reference herein and may contain essential material for the present 
invention. 

U.S patent 5,293,642 ('642 patent) filed Dec. 19, 1990 having an issue data of 
Mar. 8, 1994 with inventor Lo provide further embodiments of wireless location 

20 estimators that may be used as First Order Models 1224. In particular, the '642 patent 
determines a corresponding probability density function (pdf) about each of a plurality 
of base stations in communication with the target MS 140. That is, upon receiving 
wireless signal measurements firom the transmissions between the target MS 140 and 
base stations 122, for each BS 122, a corresponding pdf is obtained from prior 

25 measurements of a particular wireless signal characteristic at locations around the base 
station. Subsequently, a most likely location estimation is determined from a joint 
probability density function of the individual base station probability density functions. 
Further description can be found in the Description Of The Preferred Embodiment 
section of the '642 patent. Accordingly, the Lo '642 patent is incorporated by 

30 reference herein and may contain essential material for the present invention. 



Hybrid First Order Models 

Time Difference of Arrival and Timing Advance FOM 

A first order model 1224 denoted the Yost model herein. The Yost model 
includes a location estimator that uses a combination of Time Difference of Arrival 
5 (TDOA) and Timing Advance (TA) location determining techniques for determining 
the location of a target MS 140, wherein there are minor modifications to a 
telecommunication network such as a CMRS. The hybrid wireless location technique 
utilized by this location estimator uses TDOA measurements and TA measurements to 
obtain substantially independent location estimates of the target MS 140, wherein the 
10 TDOA measurements determine hyperbolae MS loci, about base stations 122 

communicating (uni or bi-directionally) with the target MS, and the TA measurements 
determine circles about the base stations 122. Accordingly, m enhanced location 
estimate of the MS 140 can be obtained by using a least squares (or other statistical 
technique), wherein the least-squares technique determines a location for the MS 
15 between the various curves (hyperbolae and circles) that best approximates a point of 
intersection.. Note that TA is used in all Time Division Multiple Access (TDMA) 
systems as one skilled in the art will understand, and measurements of TA can provide 
a measurement of the distance of the MS from a TDMA communication station in 
communication with the target MS 140. The Yost model is disclosed in U.S. Patent 
20 5,987,329 ('329 Patent) filed July 30, 1997 and issued Nov. 16, 1999 having Yost and 
Panchapakesan as inventors, this patent being fully incorporated herein fully by 
reference, to thereby further describe the Yost model. The following quote from the 
'329 Patent describes an important aspect of the Yost model: 

"Furthermore, the combination of TA and TDOA allows resolution of 
25 common ambiguities suffered by either technique separately. For example, in 

FIG. 5 a situation involving three base stations 24 (A, B and C as described, 
the latter being visible in the figure) is represented along with the resultant two 
hyperbolas AB and AC (and redundant hyperbola BC) for a TDOA position 



determination of the mobile M. FIG. 5 is a magnified view of the mobile 
terminal M location showing the nearby base stations and the nearby portions 
at the curves. It should be understood that, in this case, using TDOA alone, 
there are two possible solutions, where the hyperbolae cross. The addition of 
5 the TA circles (dashed curves) will allow the ambiguous solutions, which lie at 

different TA from all three base stations, to be clearly resolved without the 
need for additional base station 24 measurements." 

As an aside note that a timing advance (TA) first order model may be provided 
as a separate FOM independent from the TDOA portion of the Yost model. Thus, if 

1 0 an embodiment of the present invention includes both a TA FOM and a TDOA FOM, 
then the multiple location estimator architecture of the present invention may 
substantially include the Yost model whenever both the TA FOM and TDOA FOM are 
both activated for a same location instance of a target MS 140. However, it is an 
aspect of the present invention to also activate such a TA FOM and a TDOA FOM 

15 asynchronously from one another. 

Satellite and Terrestrial Base Station Hybrid FOM 

A first order model 1224, denoted the Sheynblat model (FOM) herein, is 
disclosed in U.S. Patent 5,999,124 (denoted the M 24 Patent herein) filed April 22, 
1998 and issued Dec. 7, 1999 having Sheynblat as the inventor, this patent being fUUy 

20 incorporated herein by reference The Sheynblat FOM provides a location estimator 
for processing target MS 140 location related information obtained from: (a) satellite 
signals of a satellite positioning system (denoted SPS in the ' 1 24 Patent) (e.g., GPS or 
GLONASS, LEO positioning satellites, and/or MEG positioning satelhtes), and (b) 
communication signals transmitted in the terrestrial wireless cellular network of BSs 

25 122 for a radio coverage area, e.g., coverage area 120 (Fig. 4), wherein there is two- 
way wireless communication between the target MS 140 and the BSs. In one 
embodiment of the Sheynblat FOM, the location related information obtained from the 
satellite signals includes a representation of a time of travel of SPS satellite signals 



from a SPS satellite to a corresponding SPS receiver operatively coupjed to (and co- 
located with) the target MS 1 40 (such "time of travel" is referred to as a pseudorange 
to the SPS satellite), Additionally for this embodiment, the location related 
information obtained from the communication signals in the wireless cellular network 
5 includes time of travel related information for a message in the conununi cation signals 
between a BS 122 transceiver and the target MS 140 (this second "time of travel" 
related information is referred to as a cellular pseudorange). Accordingly, various 
combinations of pseudoranges to SPS satellites, and cellular pseudoranges can be used 
to determine 'a likely location of the target MS 140. As an example, if the target MS 

10 140 (enhanced with a SPS receiver) can receive SPS satellite signals from one 

satellite, and additionally, the target MS is also in wireless communication (or can be 
in wireless communication) with two BSs 122, then three pseudoranges may be 
obtained and used to determine the position of the target MS by, e.g., triangulation. Of 
course, other combinations are possible for determining a location of the target MS 

15 140, e.g., pseudoranges to two SPS satellites and one cellular pseudorange. 

Additionally, various techniques may be used to mitigate the effects of multipath on 
these pseudoranges. For example, since it is typical for the target MS 140 to detect (or 
be detected by) a plurality of BSs 1 22, a corresponding plurality of cellular 
pseudoranges may be obtained, wherein such cellular psuedoranges may be used in a 

20 cluster analysis technique to disambiguate MS locations identified by the satellite 

pseudoranges. Moreover, the determination of a location hypothesis is performed, in 
at least one embodiment, at a site remote from the target MS 140, such as the location 
center/gateway 142, or another site that communicates with the location 
center/gateway for supplying a resulting MS location to the gateway. Alternatively, 

25 the target MS 140 may perform the calculations to determine its own location. Note 
that this alternative technique may be particularly useful when the target MS 1 40 is a 
mobile base station 148. 



MS Status Repository Embodiment 

The MS status repository 1 338 is a run4ime storage manager for storing location 
hypotheses from previous activations of the location engine 139 (as well as the output 
target MS location estimate(s)) so that a target MS may be tracked using target MS 
5 location hypotheses from previous location engine 1 39 activations to determine, for 
example, a movement of the target MS between evaluations of the target MS location. 
Thus, by retaining a moving window of previous location hypotheses used in 
evaluating positions of a target MS, measurements of the target MS's velocity, 
acceleration, and likely next position may be determined by the location hypothesis 
10 analyzer 1332. Further, by providing accessibility to recent MS location hypotheses, 
these hypotheses may be used to resolve conflicts between hypotheses in a current 
activation for locating the target MS; e.g., MS paths may be stored here for use in 
extrapolating a new location 

Mobile Base Station Location Subsystem Description 

15 Mobile Base Station Subsystem Introduction 

Any collection of mobile electronics (denoted mobile location unit) that is able to 
both estimate a location of a target MS 140 and communicate with the base station 
network may be utilized by the present invention to more accurately locate the target 
MS. Such mobile location units may provide greater target MS location accuracy by, 

20 for example, homing in on the target MS and by transmitting additional MS location 
information to the location center 142. There are a number of embodiments for such a 
mobile location unit contemplated by the present invention. For example, in a 
minimal version, such the electronics of the mobile location unit may be little more 
than an onboard MS 140, a sectored/directional antenna and a controller for 

25 communicating between them. Thus, the onboard MS is used to communicate with 
the location center 142 and possibly the target MS 140, while the antenna monitors 
signals for homing in on the target MS 140. In an enhanced version of the mobile 
location unit, a GPS receiver may also be incorporated so that the location of the ' 



mobile location unit may be determined and consequently an estimate of the location 
of the target MS may also be determined. However, such a mobile location unit is 
unlikely to be able to determine substantially more than a direction of the target MS 
140 via the sectored/directional antenna without further base station infrastructure 
5 cooperation in, for example, determining the transmission power level of the target 
MS or varying this power level. Thus, if the target MS or the mobile location unit 
leaves the coverage area 120 or resides in a poor communication area, it may be 
difficult to accurately determine where the target MS is located. None-the-less, such 
mobile location units may be sufficient for many situations, and in fact the present 

10 invention contemplates their use. However, in cases where direct communication with 
the target MS is desired without constant contact with the base station infrastructure, 
the present invention includes a mobile location unit that is also a scaled dovra version 
of a base station 122. Thus, given that such a mobile base station or MBS 148 
includes at least an onboard MS 1 40, a sectored/directional antenna, a GPS receiver, a 

15 scaled down base station 122 and sufficient components (including a controller) for 
integrating the capabilities of these devices, an enhanced autonomous MS mobile 
location system can be provided that can be effectively used in, for example, 
emergency vehicles, air planes and boats. Accordingly, the description that follows 
below describes an embodiment of an MBS 148 having the above mentioned 

20 components and capabilities for use in a vehicle. 

As a consequence of the MBS 148 being mobile, there are fimdamental 
differences in the operation of an MBS in comparison to other types of BS's 122 
(152). In particular, other types of base stations have fixed locations that are precisely 
determined and known by the location center, whereas a location of an MBS 148 may 

25 be known only approximately and thus may require repeated and frequent re- 
estimating. Secondly, other types of base stations have substantially fixed and stable 
■ communication with the location center (via possibly other BS's in the case of LBSs 
1 52) and therefore although these BS's may be more reliable in their in their ability to 
communicate information related to the location of a target MS with the location 

30 center, accuracy can be problematic in poor reception areas. Thus, MBSs may be used 



in areas (such as wilderness areas) where there may be no other means for reliably and 
cost effectively locating a target MS 140 (i.e., there may be insufficient fixed location 
BS's coverage in an area). 

Fig. 1 1 provides a high level block diagram architecture of one embodiment of 
5 the MBS location subsystem 1508. Accordingly, an MBS may include components 
for communicating with the fixed location BS network infrastructure and the location 
center 142 via an on-board transceiver 1512 that is effectively an MS 140 integrated 
into the location subsystem 1508. Thus, if the MBS 148 travels through an area 
having poor infrastructure signal coverage, then the MBS may not be able to 

10 communicate reliably with the location center 142 (e.g., in rural or mountainous areas 
having reduced wireless telephony coverage). So it is desirable that the MBS 148 must 
be capable of functioning substantially autonomously from the location center. In one 
embodiment, this implies that each MBS 148 must be capable of estimating both its 
. ovm location as well as the location of a target MS 140. 

15 Additionally, many commercial wireless telephony technologies require all 

BS's in a network to be very accurately time synchronized both for transmitting MS 
voice communication as well as for other services such as MS location. Accordingly, 
the MBS 148 will also require such time synchronization. However, since an MBS 
148 may not be in constant communication with the fixed location BS network (and 

20 indeed may be off-line for substantial periods of time), on-board highly accurate 
timing device may be necessary. In one embodiment, such a device may be a 
commercially available ribidium oscillator 1 520 as shown in Fig. 1 1 . 

Since the MBS 148 , includes a scaled down version of a BS 122 (denoted 1522 in 
Fig. 1 1), it is capable of performing most typical BS 122 tasks, albeit on a reduced 

25 scale. In particular, the base station portion of the MBS 148 can: 

(a) raise/lower its pilot channel signal strength, 

(b) be in a state of soft hand-off with an MS 1 40, and/or 

(c) be the primary BS 122 for an MS 140, and consequently be in voice 
communication with the target MS (via the MBS operator telephony 

30 interface 1524) if the MS supports voice communication. 



Further, the MBS 148 can, if it becomes the primary base station communicating with 
the MS 140, request the MS to raise/lower its power or, more generally, control the 
communication with the MS (via the base station components 1 522). However, since 
the MBS 148 will likely have substantially reduced telephony traffic capacity in 
5 comparison to a standard infrastructure base station 122, note that the pilot channel for 
the MBS is preferably a nonstandard pilot channel in that it should not be identified as 
a conventional telephony traffic bearing BS 122 by MS's seeking normal telephony 
communication. Thus, a target MS 140 requesting to be located may, depending on its 
capabilities, either automatically configure itself to scan for certain predetermined 
1 0 MBS pilot channels, or be instructed via the fixed location base station network 
(equivalently BS infrastructure) to scan for a certain predetermined MBS pilot 
channel. 

Moreover, the MBS 148 has an additional advantage in that it can substantially , 
increase the reliability of communication with a target MS 140 in comparison to the 

15 base station infrastructure by being able to move toward or track the target MS 140 
even if this MS is in (or moves into) a reduced infrastructure base station network 
coverage area. Furthermore, an MBS 148 may preferably use a directional or smart 
antenna 1526 to more accurately locate a direction of signals from a target MS 140. 
Thus, the sweeping of such a smart antenna 1 526 (physically or electronically) 

20 provides directional information regarding signals received from the target MS 140. 
That is, such directional information is determined by the signal propagation delay of 
signals from the target MS 140 to the angular sectors of one of more directional 
antennas 1 526 on-board the MBS 148. 

Before proceeding to further details of the MBS location subsystem 1508, an 

25 example of the operation of an MBS 148 in the context of responding to a 91 1 
emergency call is given. In particular, this example describes the high level 
computational states through which the MBS 148 transitions, these states also being 
illustrated in the state transition diagram of Fig. 12.' Note that this figure illustrates the 
primary state transitions between these MBS 148 states, wherein the solid state 

30 transitions are, indicative of a typical "ideal" progression when locating or tracking a 



target MS 140, and the dashed state transitions are the primary state reversions due, for 
example, to difficulties in locating the target MS 140. 

Accordingly, initially the MBS 148 may be in an inactive state 1700, wherein 
the MBS location subsystem 1508 is effectively available for voice or data 
5 communication with the fixed location base station network, but the MS 140 locating 
capabilities of the MBS are not active. From the inactive state 1700 the MBS (e.g., a 
police or rescue vehicle) may enter an active state 1 704 once an MBS operator has 
logged onto the MBS location subsystem of the MBS, such logging being for 
authentication, verification and joumaling of MBS 148 events. In the active state 
10 1 704, the MBS may be listed by a 91 1 emergency center and/or the location center 
142 as eligible for service in responding to a 91 1 request. From this state, the MBS 
148 may transition to a ready state 1708 signifying that the MBS is ready for use in 
locating and/or intercepting a target MS 140. That is, the MBS 148 may transition to ' 
the ready state 1708 by performing the following steps: 
15 (la) Synchronizing the timing of the location subsystem 1 508 with that of the base 

station network infrastructure. In one embodiment, when requesting such 
time synchronization from the base station infrastructure, the MBS 148 will 
be at a predetermined or well known location so that the MBS time 
synchronization may adjust for a known amount of signal propagation delay in 
20 the synchronization signal. 

(lb) Establishing the location of the MBS 148. In one embodiment, this may be 
accomplished by, for example, an MBS operator identifying the 
predetermined or well known location at which the MBS 148 is located. 
(Ic) Communicating with, for example, the 91 1 emergency center via the fixed 
25 location base station infrastructure to identify the MBS 1 48 as in the ready 

state. 

Thus, while in the ready state 1708, as the MBS 148 moves, it has its location 
repeatedly (re)-estimated via, for example, GPS signals, location center 142S location 
estimates from the base stations 122 (and 152), and an on-board deadreckoning 
30 subsystem 1 527 having an MBS location estimator according to the programs 



described hereinbelow. However, note that the accuracy of the base station time 
synchronization (via the ribidium oscillator 1 520) and the accuracy of the MBS 148 
location may need to both be periodically recalibrated according to (la) and (lb) 
above. 

Assuming a 91 1 signal is transmitted by a target MS 140, this signal is 
transmitted, via the fixed location base station infrastructure, to the 91 1 emergency 
center and the location center 142, and assuming the MBS 148 is in the ready state 
1708, if a corresponding 911 emergency request is transmitted to the MBS (via the 
base station infrastructure) from the 91 1 emergency center or the location center, then 
the MBS may transition to, a seek state 1712 by performing the following steps: 

(2a) Communicating with, for example, the 91 1 emergency response center via the 

fixed location base station network to receive the PN code for the target MS to 

be located (wherein this communication is performed using the MS-like 

transceiver 1512 and/or the MBS operator telephony interface 1 524). 
(2b) Obtaining a most recent target MS location estimate from either the 91 1 

emergency center or the location center 142. 
(2c) Inputting by the MBS operator an acknowledgment of the target MS to be 

located, and transmitting this acknowledgment to the 91 1 emergency response 

center via the transceiver 1512. 

Subsequently, when the MBS 148 is in the seek state 1712, the MBS may 
commence toward the target MS location estimate provided. Note that it is likely that 
the MBS is not initially in direct signal contact with the target MS. Accordingly, in 
the seek state 1712 the following steps may be, for example, performed: 

(3a) The location center 142 or the 91 1 emergency response center may inform the 
target MS, via the fixed location base station network, to lower its threshold 
for soft hand-off and at least periodically boost its location signal strength. 
Additionally, the target MS may be informed to scan for the pilot channel of 
the MBS 148. (Note the actions here are not, actions performed by the MBS 
148 in the "seek state"; however, these actions are given here for clarity and 
completeness.) 



(3b) Repeatedly, as sufficient new MS location information is available, the 
location center 142 provides new MS location estimates to the MBS' 148 via 
the fixed location base station network. 
(3c) The MBS repeatedly provides the MBS operator with new target MS location 
estimates provided substantially by the location center via the, fixed location 
base station network. 
(3d) The MBS 148 repeatedly attempts to detect a signal from the target MS using 

the PN code for the target MS. 
(3e) The MBS 148 repeatedly estimates its own location (as in other states as 
well), and receives MBS location estimates from the location center. 
Assuming that the MBS 148 and target MS 140 detect one another (which 
typically occurs when the two units are within .25 to 3 miles of one another), the MBS 
enters a contact state 1716 when the target MS 140 enters a soft hand-off state with the 
MBS. Accordingly, in the contact state 1716, the following steps are, for example, 
performed; 

(4a) The MBS 148 repeatedly estimates its own location. 

(4b) Repeatedly, the location center 142 provides new target MS 140 and MBS 

location estimates to the MBS 148 via the fixed location base infrastructure 

network. 

(4c) Since the MBS 148 is at least in soft hand-off with the target MS 140, the 
MBS can estimate the direction and distance of the target MS itself using, for 
example, detected target MS signal strength and TO A as well as using any 
recent location center target MS location estimates. 

(4d) The MBS 148 repeatedly provides the MBS operator with new target MS 
location estimates provided using MS location estimates provided by the MBS 
itself and by the location center via the fixed location base station network. 

When the target MS 140 detects that the MBS pilot channel is sufficiently 
strong, the target MS may switch to using the MBS 148 as its primary base station. 



When this occurs, the MBS enters a control state 1720, wherein the following steps 
are, for example, performed: 

(5a) The MBS 1 48 repeatedly estimates its own location. 

(5b) Repeatedly, the location center 142 provides new target MS and MBS 

location estimates to the MBS 148 via the network of base stations 122 (152). 

(5 c) The MBS 148 estimates the direction and distance of the target MS 140 itself 
using, for example, detected target MS signal strength and TO A as well as 
using any recent location center target MS location estimates. 

(5d) The MBS 148 repeatedly provides the MBS operator with new target MS 
location estimates provided using MS location estimates provided by the MBS 
itself and by the location center 1 42 via the fixed location base station 
network. 

(5e) The MBS 148 becomes the primary base station for the target MS 140 and 
therefore controls at least the signal strength output by the target MS. 

Note, there can be more than one MBS 148 tracking or locating an MS 140. There 
can also be more than one target MS 140 to be tracked concurrently and each target 
MS being tracked may be stationary or moving. 

MBS Subsystem Architecture 

An MBS 148 uses MS signal characteristic data for locating the MS 140. The 
MBS 148 may use such signal characteristic data to facilitate determining whether a 
given signal from the MS is a "direct shot" or an multipath signal. That is, in one 
embodiment, the MBS 148 attempts to determine or detect whether an MS signal 
transmission is received directly, or whether the transmission has been reflected or 
deflected. For example, the MBS may determine whether the expected signal strength, 
and TOA agree in distance estimates for the MS signal transmissions. Note, other 
signal characteristics may also be used, if there are sufficient electronics and 
processing available to the MBS 148; i.e., determining signal phase and/or polarity as 
other indications of receiving a "direct shot" from an MS 140. 



In one embodiment, the MBS 148 (Fig. 1 1) includes an MBS controller 1533 for 
controlling the location capabilities of the MBS 148. In particular, the MBS controller 
1533 initiates and controls the MBS state changes as described in Fig. 12. 
Additionally, the MBS controller 1533 also communicates with the location controller 
5 1 535, wherein this latter controller controls MBS activities related to MBS location 
and target MS location. The location controller 1535 receives data input from an 
event generator 1537 for generating event records to be provided to the location 
controller 1535. For example, records may be generated from data input received 
from: (a) the vehicle movement detector 1539 indicating that the MBS 148 has moved 

10 at least a predetermined amount and/or has changed direction by at least a 

predetermined angle,. or (b) the MBS signal processing subsystem 1541 indicating that 
the additional signal measurement data has been received from either the location 
center 142 or the target MS 140. Note that the MBS signal processing subsystem 
1541, in one embodiment, is similar to the signal processing subsystem 1220 of the 

15 location center 142. may have multiple commarid schedulers. In particular, a 

scheduler 1528 for commands related to communicating with the location center 142, 
a scheduler 1530 for commands related to GPS communication (via GPS receiver 
1 53 1), a scheduler 1 529 for commands related to the frequency and granularity of the 
reporting of MBS changes in direction and/or position via the MBS dead reckoning 

20 subsystem 1 527 (note that this scheduler is potentially optional and that such 

commands may be provided directly to the deadreckoning estimator 1 544), and a 
scheduler 1 532 for conmiuni eating with the target MS(s) 140 being located. Further, it 
is assumed that there is sufficient hardware and/or software to appear to perform 
commands in differerit schedulers substantially concurrently. 

25 In order to display an MBS computed location of a target MS 140, a location of the 

MBS must be known or determined. Accordingly, each MBS 148 has a plurality of 
MBS location estimators (or hereinafter also simply referred to as location estimators) 
for determining the location of the MBS. Each such location estimator computes MBS 
location information such as MBS location estimates, changes to MBS location 

30 estimates, or, an MBS location estimator may be an interface for buffering and/or 



translating a previously computed MBS location estimate into an appropriate format. 
In particular, the MBS location module 1536, which determines the location of the 
MBS, may include the following MBS location estimators 1540 (also denoted baseline 
location estimators): 

(a) a GPS location estimator 1 540a (not individually shown) for computing an 
MBS location estimate using GPS signals, 

(b) a location center location estimator 1 540b (not individually shown) for 
buffering and/or translating an MBS estimate received from the location 
center 142, 

(c) an MBS operator location estimator 1 540c (not individually shown) for 
buffering and/or translating manual MBS location entries received from an 
MBS location operator, and 

(d) in some MBS embodiments, an LBS location estimator 1540d (not 
individually shown) for the activating and deactivating of LBS's 152. Note 
that, in high multipath areas and/or stationary base station marginal coverage 
areas, such low cost location base stations 1 52 (LBS) may be provided whose 
locations are fixed and accurately predetermined and whose signals are 
substantially only receivable within a relatively small range (e.g., 2000 feet), 
the range potentially being variable. Thus, by communicating with the LBS*s> 
152 directly, the MBS 148 may be able to quickly use the location 
information relating to the location base stations for determining its location 
by using signal characteristics obtained from the LBSs 152. 

Note that each of the MBS baseline location estimators 1 540, such as those above, 
provide an actual MBS location rather than, for example, a change in an MBS 
location. Further note that it is an aspect of the present invention that additional MBS 
baseline location estimators 1 540 may be easily integrated into the MBS location 
subsystem 1508 as such baseline location estimators become available. For example, 
a baseline location estimator that receives MBS location estimates from reflective 
codes provided, for example, on streets or street signs can be straightforwardly 
incorporated into the MBS location subsystem 1 508. " 



Additionally, note that a plurality of MBS location technologies and their 
corresponding MBS location estimators are utilized due to the fact that there is 
currently no single location technology available that is both sufficiently fast, accurate 
and accessible in substantially all terrains to meet the location needs of an MBS 148. 
For example, in many terrains GPS technologies may be sufficiently accurate; 
however, GPS technologies: (a) may require a relatively long time to provide an initial 
location estimate (e.g., greater than 2 minutes); (b) when GPS communication is 
disturbed, it may require an equally long time to provide a new location estimate; (c) 
clouds, buildings and/or mountains can prevent location estimates from being 
obtained; (d) in some cases signal reflections can substantially skew a location 
estimate. As another example, an MBS 148 may be able to use triangulation or 
trilateralization technologies to obtain a location estimate; however, this assumes that 
there is sufficient (fixed location) infrastructure BS coverage in the area the MBS is 
located. Further, it is well known that the multipath phenomenon can substantially 
distort such location estimates. Thus, for an MBS 148 to be highly effective in varied 
terrains, an MBS is provided with a plurality of location technologies, each supplying 
an MBS location estimate. 

In fact, much of the architecture of the location engine 139 could be 
incorporated into an MBS 148. For example, in some embodiments of the MBS 148, 
the following FOMs 1 224 may have similar location models incorporated into the 
MBS: 

(a) a variation of the TCSO FOM 1 224 wherein TOA signals from 

communicating fixed location BS's are received (via the MBS 
transceiver 1 5 1 2) by the MBS and used for providing a location 
estimate; 

(b) a variation of the artificial neural net based FOMs 1224 (or more 
generally a location learning or a classification model) may be used to 
provide MBS location estimates via, for example, learned associations 
between fixed location BS signal characteristics and geographic 
locations; 



(c) an LBS location FOM 1224 for providing an MBS with the ability to 
activate and deactivate LBS's to provide (positive) MBS location 
estimates as well as negative MBS location regions (i.e., regions where the 
MBS is unlikely to be since one or more LBS's are not detected by the 

5 MBS transceiver); 

(d) one or more MBS location reasoning agents and/or a location estimate 
heuristic agents for resolving MBS location estimate conflicts and 
providing greater MBS location estimate accuracy. For example, modules 
similar to the analytical reasoner module 1416 and the historical location 

10 reasoner module 1424. 

However, for those MBS location models requiring communication with the 
base station infrastructure, an alternative embodiment is to rely on the location center 
142 to perform the computations for at least some of these MBS FOM models. That 
is, since each of the MBS location models mentioned immediately above require 
1 5 communication with the network of fixed location BS's 1 22 (1 52), it may be 

advantageous to transmit MBS location estimating data to the location center 142 as if 
the MBS were another MS 140 for the location center to locate, and thereby rely on the 
location estimation capabilities at the location center rather than duplicate such models 
in the MBS 148. The advantages of this approach are that: 
20 (a) an MBS is likely to be able to use less expensive processing power and 

software than that of the location center; 
(b) an MBS is likely to require substantially less memory, particularly for data 
bases, than that of the location center^ 
As will be discussed further below, in one embodiment of the MBS 148, there are 
25 confidence values assigned to the locations output by the various location estimators 
1 540. Thus, the confidence for a manual entry of location data by an MBS operator 
may be rated the highest and followed by the confidence for (any) GPS location data, 
followed by the confidence for (any) location center location 1 42 estimates, followed 
by the confidence for (any) location estimates using signal characteristic data from 
30 LBSs. However, such prioritization may vary depending on, for instance, the radio 



coverage area 120. In an one embodiment of the present invention, it is an aspect of 
the present invention that for MBS location data received from the GPS and location 
center, their confidences may vary according to the area in which the MBS 148 
resides. That is, if it is knovm that for a given area, there is a reasonable probability 
5 that a GPS signal may suffer multipath distortions and that the location center has in 
the past provided reliable location estimates, then the confidences for these two 
location sources may be reversed. 

In one embodiment of the present invention, MBS operators may be requested to 
occasionally manually enter the location of the MBS 1 4i8 when the MBS is stationary 
10 for determining and/or calibrating the accuracy of various MBS location estirhators. 

There is an additional important source of location information for the MBS 
148 that is incorporated into an MBS vehicle (such as a police vehicle) that has no ^ 
comparable functionality in the network of fixed location BS's. That is, the MBS 148 
may use deadreckoning information provided by a deadreckoning MBS location 
15 estimator 1544 whereby the MBS may obtain MBS deadreckoning location change 
estimates. Accordingly, the deadreckoning MBS location estimator 1 544 may use, for 
example, an on-board gyroscope 1550, a wheel rotation measurement device (e.g., 
odometer) 1554, and optionally an accelerometer (not shown). Thus, such a 
deadreckoning MBS location estimator 1 544 periodically provides at least MBS 
20 distance and directional data related to MBS movements from a most recent MBS 
location estimate. More precisely, in the absence of any other new MBS location 
information, the deadreckoning MBS location estimator 1544 outputs a series of 
measurements, wherein each such measurement is an estimated change (or delta) in 
the position of the MBS 148 between a request input timestamp and a closest time 
25 prior to the timestamp, wherein a previous deadreckoning terminated. Thus, each 
deadreckoning location change estimate includes the following fields: 

(a) an "earliest timestamp" field for designating the start time when the 
deadreckoning location change estimate commences measuring a change 
in the location of the MBS; 



(b) a "latest timestamp" field for designating the end time when the 
deadreckoning location change estimate stops measuring a change in the 
location of the MBS; and 

(c) an MBS location change vector. 

5 That is, the "latest timestamp" is the timestamp input with a request for deadreckoning 
location data, and the "earliest timestamp" is the timestamp of the closest time, T, 
prior to the latest timestamp, wherein a previous deadreckoning output has its a 
timestamp at a time equal to T. 

Further, the frequency of such measurements provided by the deadreckoning 

10 subsystem 1 527 may be adaptively provided depending on the velocity of the"MBS 
148 and/or the elapsed time since the most recent MBS location update. Accordingly, 
the architecture of at least some embodiments of the MBS location subsystem 1508 . 
must be such that it can utilize such deadreckoning information for estimating the 
location of the MBS 148- 

1 5 In one embodiment of the MBS location subsystem 1 508 described in further detail 

hereinbelow, the outputs from the deadreckoning MBS location estimator 1 544 are 
used to synchronize MBS location estimates from different MBS baseline location 
estimators. That is, since such a deadreckoning output may be requested for 
substantially any time from the deadreckoning MBS location estimator, such an output 

20 can be requested for substantially the same point in time as the occurrence of the 
signals from which a new MBS baseline location estimate is derived. Accordingly, 
such a deadreckoning output can be used to update other MBS location estimates not 
using the new MBS baseline location estimate. 

It is assumed that the error with dead reckoning increases with deadreckoning 

25 distance. Accordingly, it is an aspect of the embodiment of the MBS location 

subsystem 1508 that when incrementally updating the location of the MBS 148 using 
deadreckoning and applying deadreckoning location change estimates to a "most likely 
area" in which the MBS 148 is believed to be, this area is incrementally enlarged as 
well as shifted. The enlargement of the area is used to account for the inaccuracy in 

30 the deadreckoning capability. Note, however, that the deadreckoning MBS location 



estimator is periodically reset so that the error accumulation in its outputs can be 
decreased. In particular, such resetting occurs when there is a high probability that the 
location of the MBS is known. For example, the deadreckoning MBS location 
estimator may be reset when an MBS operator manually enters an MBS location or 
5 verifies an MBS location, or a computed MBS location has sufficiently high 
confidence. 

Thus, due to the MBS 148 having less accurate location information (both about 
itself and a target MS 140), and fiirther that deadreckoning information must be 
, utilized in maintaining MBS location estimates, a first embodiment of the MBS 

10 location subsystem architecture is somewhat different from the location engine 139 
architecture. That is, the architecture of this first embodiment is simpler than that of 
the architecture of the location engine 139. However, it important to note that, at a 
high level, the architecture of the location engine 139 may also be applied for 
providing a second embodiment of the MBS location subsystem 1 508, as one skilled 

15 in the art will appreciate after reflecting on the architectures and processing provided 
at an MBS 148. For example, an MBS location subsystem 1 508 architecture may be 
provided that has one or more first order models 1 224 whose output is supplied to, for 
example, a blackboard or expert system for resolving MBS location estimate 
conflicts, such an architecture being analogous to one embodiment of the location 

20 engine 139 architecture. 

Furthermore, it is also an important aspect of the present invention that, at a high 
level, the MBS location subsystem architecture may also be applied as an alternative 
architecture for the location engine 139. For example, in one embodiment of the 
location engine 139, each of the first order models 1224 may provide its MS location 

25 hypothesis outputs to a corresponding "location track," analogous to the MBS location 
tracks described hereinbelow, and subsequently, a most likely MS current location 
estimate may be developed in a "current location track" (also described hereinbelow) 
' using the most recent location estimates in other location tracks. Thus, the location 
estimating models of the location center 139 and those of the MBS 148 are may be 

30 interchanged depending on the where it is deemed most appropriate for such each such 



model to reside. Additionally, note that in different embodiments of the present 
invention, various combinations of the location center location architecture and the 
mobile station architecture may be utilized at either the location center or the MBS 
148. Thus, by providing substantially all location estimating computational models at 
5 the location center 142, the models described here for locating the MBS 148 (and 

equivalently, its incorporated MS 140) can be used for locating other MSs 140 that are 
be capable of supporting transmission of wireless signal measurements that relate to 
models requiring the additional electronics available at the MBS 1 40 (e.g., GPS or 
other satellite signals used for location). 

10 Further, note that the ideas and methods discussed here relating to MBS location 

estimators 1540 and MBS location tracks, and, the related programs hereinbelow are 
sufficiently general so that these ideas and methods may be applied in a number of 
contexts related to determining the location of a device capable of movement and 
wherein the location of the device must be maintained in . real time. For example, the 

15 present ideas and methods may be used by a robot in a very cluttered .environment 
(e.g., a warehouse), wherein the robot has access: (a) to a plurality of "robot location 
estimators" that may provide the robot with sporadic location information, and (b) to a 
deadreckoning location estimator. 

Each MBS 148, additionally, has a location display (denoted the MBS operator 

20 visual user interface 1 558 in Fig, 1 1 ) where area maps that may be displayed together 
with location data. In particular, MS location data may be displayed on this display as 
a nested collection of areas, each smaller nested area being the most likely area within 
(any) encompassing area for locating a target MS 140. Note that the MBS controller 
algorithm below may be adapted to receive location center 142 data for displaying the 

25 locations of other MBSs 148 as well as target MSs 140. 

Further, the MBS 148 may constrain any location estimates to streets on a street 
map using the MBS location snap to street module 1562. For example, an estimated 
MBS location not on a street may be "snapped to" a nearest street location. Note that a 
nearest street location determiner may use "normal" orientations of vehicles on streets 

30 as a constraint on the, nearest street location. Particularly, if an MBS 148 is moving at 



typical rates of speed and acceleration, and without abrupt changes direction. For 
example, if the deadreckoning MBS location estimator 1544 indicates that the MBS 
148 is moving in a northerly direction, then the street snapped to should be a north- 
south running street. Moreover, the MBS location snap to street module 1562 may 
5 also be used to enhance target MS location estimates when, for example, it is known 
or suspected that the target MS 140 is in a vehicle and the vehicle is moving at typical 
rates of speed. Furthermore, the snap to street location module 1562 may also be used 
in enhancing the location of a target MS 140 by either the MBS 148 or by the location 
engine 139. In particular, the location estimator 1344 or an additional module between 

10 the location estimator 1 344 and the output gateway 1356 may utilize an embo'diment 
of the snap to street location module 1 562 to enhance the accuracy of target MS 140 
location estimates that are known to be in vehicles. Note that this may be especially 
useful in locating stolen vehicles diat have embedded wireless location transceivers 
(MSs 140), wherein appropriate wireless signal measurements can be provided to the 

15 location center 142. 

MBS Data Structure Remarks 

Assuming the existence of at least some of the location estimators 1 540 that were 
mentioned above, the discussion here refers substantially to the data structures and 
their organization as illustrated in Fig. 13. 

20 The location estimates (or hypotheses) for an MBS 148 determining its own 

location each have an error or range estimate associated with the MBS location 
estimate. That is, each such MBS location estimate includes a "most likely MBS point 
location" within a "most likely area". The "most likely MBS point location" is 
assumed herein to be the centroid of the "most likely area." hi one embodiment of the 

25 MBS location subsystem 1 508, a nested series of "most likely areas" may be provided 
about a most likely MBS point location. However, to simplify the discussion herein 
each MBS location estimate is assumed to have a single "most likely area". One 
skilled in the art will understand how to provide such nested "most likely areas" from 



the description herein. Additionally, it is assumed that such "most likely areas" are not 
grossly oblong; i.e., area cross sectioning lines through the centroid of the area do not 
have large differences in their lengths. For example, for any such "most likely area", 
A, no two such cross sectioning lines of Athrough the centroid thereof may have 
5 lengths that vary by more than a factor of five. 

Each MBS location estimate also has a confidence associated therewith providing 
a measurement of the perceived accuracy of the MBS being in the "most likely area" 
of the location estimate. 

A (MBS) "location track" is an data structure (or object) having a queue of a 

10 . predetermined length for maintaining a temporal (timestamp) ordering of "location 
track entries" such as the location track entries 1770a, ,1770b, 1774a, 1774b, 1778a, 
1778b, 1782a, 1782b, and 1786a (Fig. 13), wherein each such MBS location track 
entry is an estimate of the location of the MBS at a particular corresponding time. 
There is an MBS location track for storing MBS location entries obtained from ' 

15 MBS location estimation information from each of the MBS baseline location 

estimators described above (i.e., a GPS location track 1750 for storing MBS location 
estimations obtained from the GPS location estimator 1540, a location center location 
track 1754 for storing MBS location estimations obtained from the location estimator 
1540 deriving its MBS location estimates from the location center 142, an LBS 

20 location track 1758 for storing MBS location estimations obtained from the location 
estimator 1540 deriving its MBS location estimates from base stations 122 and/or 152, 
and a manual location track 1 762 for MBS operator entered MBS locations). 
Additionally, there is one further location track, denoted the "current location track" 
1 766 whose location track entries may be derived from the entries in the other location 

25 tracks (described further hereinbelow). Further, for each location track, there is a 
location track head that is the head of the queue for the location track. The location 
track head is the most recent (and presumably the most accurate) MBS location 
estimate residing in the location track. Thus, for the GPS location track 1750 has , 
location track head 1 770; the location center location track 1754 has location track 

30 head 1 774; the LBS location track 1 758 has location track head 1 778; the manual 



location track 1762 has location track head 1782; and the current location track 1766 
has location track head 1 786. Additionally, for notational convenience, for each 
location track, the time series of previous MBS location estimations (i.e., location 
track entries) in the location track will herein be denoted the "path for the location 
track." Such paths are typically the length of the location track queue containing the 
path. Note that the length of each such queue may be determined using at least the 
following considerations: 

(i) In certain circumstances (described hereinbelow), the location track entries 
are removed from the head of the location track queues so that location 
adjustments may be made. In such a case, it may be advantageousTor the 
length of such queues to be greater than the number of entries that are 
expected to be removed; 

(ii) In determining an MBS location estimate, it may be desirable in some 
embodiments to provide new location estimates based on paths associated 
with previous MBS location estimates provided in the corresponding 
location track queue. 

Also note that it is within the scope of the present invention that the location track 
queue lengths may be a length of one. 

Regarding location track entries, each location track entry includes: 

(a) a "derived location estimate" for the MBS that is derived using at least 
one of: 

(i) at least a most recent previous output from an MBS baseline location 
estimator 1540 (i.e., the output being an MBS location estimate); 

(ii) deadreckoning output information from the deadreckoning 
subsystem 1527. 

Further note that each output from an MBS location estimator has a "type" 
field that is used for identifying the MBS location estimator of the output. 

(b) an "earliest timestamp" providing the time/date when the earliest MBS 
location information upon which the derived location estimate for the 
MBS depends. Note this will typically be the timestamp of the earliest 



MBS location estimate (from an MBS baseline location estimator) that 
supplied MBS location information used in deriving the derived location 
estimate for the MBS 148. 

(c) a "latest timestamp" providing the time/date when the latest MBS location 
information upon which the derived location estimate for the MBS 
depends. Note that earliest timestamp = latest timestamp only for so called 
"baseline entries" as defined hereinbelow. Further note that this attribute 
is the one used for maintaining the "temporal (timestamp) ordering" of 
location track entries. 

(d) A "deadreckoning distance" indicating the total distance (e.g., wTieel tums 
or odometer difference) since the most recently previous baseline entry for 
the corresponding MBS location estimator for the location track to which 
the location track entry is assigned. 

For each MBS location track, there are two categories of MBS location track 
entries that may be inserted into a MBS location track: 

(a) "baseline" entries, wherein each such baseline entry includes (depending 
on the location track) a location estimate for the MBS 148 derived from: 
(i) a most recent previous output either from a corresponding MBS 
baseline location estimator, or (ii) from the baseline entries of other 
location tracks (this latter case being the for the "current" location track); 

(b) "extrapolation" entries, wherein each such entry includes an MBS 
location estimate that has been extrapolated from the (most recent) 

. location track head for the location track (i.e., based on the track head 
. whose "latest timestamp" immediately precedes the latest timestamp of 
the extrapolation entry). Each such extrapolation entry is computed by 
using data from a related deadreckoning location change estimate output 
from the deadreckoning MBS location estimator 1544. Each such 
deadreckoning location change estimate includes measurements related to 
changes or deltas in the location of the MBS 148. More precisely, for 
each location track, each extrapolation entry is determined using: (i) a 



baseline entry, and (ii) a set of one or more (i.e., all later occurring) 
deadreckoning location change estimates in increasing "latest timestamp" 
order. Note that for notational convenience this set of one or more 
deadreckoning location change estimates will be denoted the 
"deadreckoning location change estimate set" associated with the 
extrapolation entry resulting from this set. 
(c) Note that for each location track head, it is either a baseline entry or an 
extrapolation entry. Further, for each extrapolation entry, there is a most 
recent baseline entry, B, that is earlier than the extrapolation entry and it is 
this B from which the extrapolation entry was extrapolated. This earlier 
baseline entry, B, is hereinafter denoted the "baseline entry associated with 
the extrapolation entry." More generally, for each location track entry, T, 
there is a most recent previous baseline entry, B, associated with T, 
wherein if T is an extrapolation entry, then B is as defined above, else if T 
is a baseline entry itself, then T=B. Accordingly, note that for each 
extrapolation entry that is the head of a location track, there is a most 
recent baseline entry associated with the extrapolation entry. 
Further, there are two categories of location tracks: 

(a) "baseline location tracks," each having baseline entries exclusively from a 
single predetermined MBS baseline location estimator; and 

(b) a "current" MBS location track having entries that are computed or 
determined as "most likely" MBS location estimates from entries in the 
other MBS location tracks. 

MBS Location Estimating Strategy 

In order to be able to properly compare the track heads to determine the most likely 
MBS location estimate it is an aspect of the present invention that the track heads of 
all location tracks include MBS location estimates that are for substantially the same 
(latest) timestamp. However, the MBS location information from each MBS baseline 



location estimator is inherently substantially unpredictable and unsynchronized. In 
fact, the only MBS location information that may be considered predicable and 
controllable is the deadreckoning location change estimates from the deadreckoning 
MBS location estimator 1 544 in that these estimates may reliably be obtained 
5 whenever there is a query from the location controller 1 535 for the most recent 
estimate in the change of the location for the MBS 148. Consequently (referring to 
Fig. 13), synchronization records 1790 (having at least a 1790b portion, and in some 
cases also having a 1 790a portion) may be provided for updating each location track 
with a new MBS location estimate as a new track head. In particular, each 

10 synchronization record includes a deadreckoning location change estimate tolte used 
in updating all but at most one of the location track heads with a new MBS location 
estimate by using a deadreckoning location change estimate in conjunction with each 
MBS location estimate from an MBS baseline location estimator, the location track 
heads may be synchronized according to timestamp. More precisely, for each MBS 

15 location estimate, E, from an MBS baseline location estimator, the present invention 
also substantially simultaneously queries the deadreckoning MBS location estimator 
for a corresponding most recent change in the location of the MBS 148. Accordingly, 
E and the retrieved MBS deadreckoning location change estimate, C, have 
substantially the same "latest timestamp". Thus, the location estimate E may be used 

20 to create a new baseline track head for the location track having the corresponding type 
for E, and C may be used to create a corresponding extrapolation entry as the head of 
each of the other location tracks. Accordingly, since for each MBS location estimate, 
E, there is a MBS deadreckoning location change estimate, C, having substantially the 
same "latest timestamp", E and C will be hereinafter referred as "paired." 

25 High Level Description Of A Wireless Platform 

Fig. 20 is a high level block diagram illustrating the wireless application 
platform 2004 of the present invention in combination with various services and 
network components with which the platform communicates. In particular, the 
embodiment of Fig. 20 is illustrative of how the platform 2004 communicates with. 



e:g., the subscribers (e.g., users 2008), applications (e.g., applications 2016, 2020, 
2024, 2028, and 2032 which may or may not receive wireless location related 
information from the wireless location gateway 142), and network accessible 
components (e.g., wireless equipment) for a single commercial wireless carrier. The 
5 platform 2004 communicates with subscribers or users 2008 of the wireless carrier via, 
e.g., a mobile station 140 in communication with various provisioning equipment and 
communication services of the wireless carrier, collectively this equipment and 
conmiunication services are identified as carrier network provisioning 2012, and may 
include e.g.: 

10 1 . wireless voice and/or wireless data (local and/or long distance) service's; . 

2. Internet access; 

3. high speed data and/or Internet services such as (3G, cable, DSL, ISDN, 
.satellite communications, etc.); 

4. telephony specific services (e.g., call forwarding, call back busy. Caller ID, Do 
15 Not Disturb, prepaid calling card services, etc.); 

5. PBX and/or business network installation and maintenance services; 

6. teleconferencing provisioning and services; and/or 

7. short messaging services (SMS). 

More particularly, users 2008 can communicate various requests to the platform 2004 
20 . for various wireless location related services such as: 

PR 1 . Requests for routing the user from his/heir location to a desired location; 
PR 2. Requests for information about products, services, places and/or 

persons that are geographically related to a location of the user 2008; 
PR 3. Requests for displaying and/or modifying, e.g., user profile information 
25 to thereby change access permissions, and/or profile visibility; 

PR 4. Requests for activating or deactivating services wireless services such 
as hotel concierge wireless location and routing services offered by 
hotel, such services capable of, e.g., being attached and detached from a 
user's profile as a unit;. 



PR 5. Requests for procuring products and/or services (location related or 

otherwise); and/or 
PR 6. Standard telephony, Internet and data services. 
It is worth noting that embodiments of related wireless platforms have been 
5 described in the art. In particular. International Patent Application PCT/USOl/02526, 
filed January 26, 2001 by McDowell et. al. titled: "Method and Apparatus For Sharing 
Mobile User Event Information Between Wireless Between Wireless and Fixed IP 
Networks" incorporated herein fully by reference, and, International Patent 
Application PCT/US02/04533, filed February 15, 2002 by McDowell et. al. titled: 
10 "Use Of Presence And Location Information Concerning Wireless Subscribers For 
instant Messaging And Mobile Commerce" also incorporated herein fully by 
reference. However, these platforms appear directed to short messaging service 
applications and ecommerce (i.e., merchant advertising), and do not appear to address 
issues related to the easy incorporation of entirely new complex network services, and 
15 in particular, network services wherein there is a uniform architecture for 

communications between the platform and new network service applications. Instead, 
the PCTAJS02/04533 application is directed to: . "the integration of presence 
determination, location determination, Instant Messaging, and mobile commerce into a 
functionally seamless system" wherein such presence determination "determines 
20 whether a mobile device is ON or OFF in real-time." So that this system "may then 
share the revenue generated through the sale of subscriber information with the 
participating wireless carriers that host the subscribers.", and "determines both Internet 
presence and wireless network presence, and makes this information available to 
entities on both networks." However, the above-identified McDowell et. al. PCX 
25 patent applications do provide appropriate supportive and enabling information for the 
present invention, and in particular, the platform 2004. 

Fig. 22 shows an embodiment of the high level steps performed that can be 
performed by the platform 2004. Descriptions of these steps follows: 

Step 2204: The subscriber interfaces 2 1 04 (Fig. 2 1 ) receives a service request 
30 from a user 2008, via the carrier network provisioning 201 2 (Fig. 20). 



Note that such service requests may be from users 2008 where such , 
users include not only persons, but also entities such as businesses, 
employers, other telecommunication carriers, government agencies 
(e.g., conmiand, control, and communications centers), law 
enforcement, etc. In at least some circumstances, the actual payload 
of the data describing the service request and/or related data in the 
request may be encrypted. Thus, the present step determines whether 
one or portions of the service request is encrypted, and if so, activates 
the encryption and decryption component 2 1 08 (Fig. 2 1) for 
decrypting the service request. Encryption/decryption cyphers are 
well known in the art, and accordingly will not be discussed at length 
here. However, the encryption and decryption component 2108 may 
support a substantial number encryption/decryption cyphers .(e.g., 
RC4 and RSA, by Security Inc, Belford, Massachusetts, USA) as well 
as such general encryption techniques as public/private key 
cryptographic technique such Diffie-Hellman. 

Note that the present step may identify, e.g., at least some of the 
following data items: 
the identity of the requestor; 

the identity of an entity (or entities) to whom an action of the 
request is directed, e.g., (a) the identity of the person or MS 140 
whose wireless location is requested (this may be the mobile 
identification number (MIN) as one skilled in the art will 
understand), or (b) the identity of a package whose whereabouts is 
being tracked, (c) the location of an MS 140 which to be identified 
(e.g., in a battlefield context to determine if the location of the MS 
corresponds to friend or foe); 

any additional data that may be needed by an application activated 
to fulfill the request, e.g., for an MS 140 location request, this may 
include the last known location of the MS; 



(iv) any timing constraints that the service requesting application should 
aware of; 

(v) any authorization code needed for granting access to any generated 
information about the entity (e.g., for determining a subscriber's 
location, a code indicating that permission has been obtained to 
locate the subscriber, or a code indicating that location of the 
subscriber is at the request of the government agency responsible 
for national security or crime prevention); 

■ (vi) any encryption parameters needed for a resulting response to the 
request;- 

(vii) the identity of any specific application to be activated to fiilfill the 
request;; 

(viii) any bilhng code required in order to bill for fulfilling the service 
request; 

(ix) a priority for fulfilling the service request (note, emergency 91 1 and 
other time critical life threatening or emergency services will have 
highest priority and may pre-empt other service requests being 
processed by the platform 2004; 

(x) identity of all destinations, entities and/or persons to which the 
results from the fulfillment (and/or activation) of the service request 
is to be transmitted; 

(xi) any authorization code or protocol to be used in identifying the 
appropriate person or entity prior to presenting information related 
to the results of the service request. 

Further note, however, that it is not intended that the user 2008 be 
required to enter all of the items identified in this step. In particular, 
many of these items may be automatically filled in with defaults 
values residing on the user's service requesting device. 
2208:. With any decryption completed, the service request is now readable 
and accordingly may be logged in the user request & response log 



management database 21 1 2 so that, e.g., (i) audits can be performed 
for verifying what service requests have been received, (ii) analyzing 
platform 2004 performance, diagnosing errors in service request 
processing, and/or statistical analysis of service request volume may 
5 be performed, and (iii) tracking or identifying criminal behavior 

and/or misuse of a service offered by the platform 2004. 

Regarding the request & response log management database 2112, 
this database may capture and store at least most of the following 
information related to a service request received by the platform 
10 2004: 

(a) The identity of the party initiating the service request, 
e.g., a user ID or log in name; 

(b) The time of receipt of the service request; 

(c) The identity of the service requested; 

15 . (d) The priority of the service request (if any provided); 

(e) Any time constraints that the service request is imposing 
(e.g., a response within 30 seconds); 

(f) Information related to the source of the request, e.g., the 
MIN (or other identification) of an MS 140 requesting 

20 service, or an Internet address of a service requestor; 

(g) Any authorization code for permitting the service 
request to be performed; and 

(h) Any billing code identifying who is to be charged. 
Step 22 12: Subsequently, a readable version of the service request is provided to 

25 the subscriber identification & application authorization subsystem 

2116 (Fig. 2i), wherein the identification of both the requestor and 
the application to be activated to fulfill the service request is 
determined. The subsystem 2116 may access various user 
identification repositories, such as user profile repositories 

30 collectively labeled 2 1 20 (Fig. 2 1 ), including customer care data 



management systems that are maintained by, e.g., a wireless carrier 
responsible for the operation of the platform 2004, such repositories 
being, e.g., home location registers (HLRs) and Visitor Location 
Registers (VLRs). Additionally, some of the repositories 2120 may 
be accessed only via another network carrier not affiliated or 
responsible for the operation of the platform 2004. Such repositories 
may be accessed for obtaining, e.g., (i) additional user information 
that may not have been provided with the service request, and/or (ii) 
an identification of the carrier network (if any) to which the user is a 
subscriber. In particular, such additional information may relate to an 
authorization to activate, e.g., a wireless location based application, 
and receive a response therefrom. Note that such authorization may 
include two processes: a determination of whether the user is eligible 
to make the request (e.g., such eligibility may be substantially 
determined according to, e.g., the service package to which the user 
2008 has subscribed and whether the user's subscription remains 
active), and a determination as to whether the current service request 
can be honored given privacy, security, and/or legal constraints that 
must satisfied for fulfilling the service request, e.g., location based 
network services where a person different from the user 2008 is to be 
located. 

In one embodiment, if the user 2004 is a roamer (civilian or 
military), the network carrier operably responsible for the platform 
2004 may initiate, via the subsystem,21 16, a request for user profile 
information to be transmitted from the user's subscriber network or 
other central profile repository. Various embodiments of such 
profiles and/or data within them are provided throughout this 
description. Thus, a user profile may include substantially any user 
information that is required to allow or prohibit access, activation, or 
fulfillment of a network service by the user, or, by another user where 



the requested service, by the other user, requires accessing 
information about the user that is identified as being confidential or 
private. However, in one preferred embodiment such user profiles 
may be automatically requested when the roamer activates his/her MS 
140 for out of network service. Moreover, it may be the case that 
when fulfillment of the service request requires the location or other 
personal information (e.g., fmancial information) of another user or 
entity, at least a portion of the profile for this other user or entity must 
be queried or accessed for determining whether such a location 
activity is permissible and/or legal. That and such information may 
be substantially only accessible from the carrier network to which the 
user is a subscriber. 

In order to identify the service being requested, the subsystem 
2116 can access the user assessable & authorized services database ' 
2124 (Fig. 21) for determining the services that are currently 
accessible from via the platform 2004, e.g., as called services or 
platform aware connection services as described in the Summary 
section hereinabove. Additionally, the database 2 1 24 may be 
accessed by the subsystem 2116 for retrieving information related to 
who is authorized to access certain services. For example, certain 
network services may be available for only a particular time period(s). 
For example, a particular network based game may extend for a 
predetermined time period such as three weeks, or may be only 
played on non-holiday weekends when there is less network traffic. 
In such a case, it may more expedient to associate game activation 
authorization data with information identifying the game in the 
database 2124 than iteratively modifying, e.g., user 2008 profiles of 
game players for indicating when the game can be accessed as a 
network service. Additionally, note that a network service that is 
malfunctioning may be easily prevented from being accessed if such 



authorizations are associated with network service identifications. 
Furthermore, it may be the case, that an alternative service provider 
may be utiHzed for fiilfiUing the service. Thus, the preferred (now 
malfunctioning) service provider may be effectively disconnected 
from being accessed by users 2008, and a second less preferred 
backup network service activated for the providing substantially the 
same service in a manner that is transparent to the users 2008. 
Examples where such backup service providers may be desirable are: 
(i) when wireless location requests must be fulfilled (e.g., E91 1 
requests) and the primary wireless location service provider is 
experiencing operational difficulties, then a second less desirable 
backup wireless location service provider may be easily activated 
(assuming all communication and data flow paths with the second 
location service provider have been previously established) by merely 
changing the value of the activation information for each of the 
primary and secondary wireless location service providers in the 
database 2124, (ii) when a service provider for an Internet service 
2128 (Fig. 21) such as service provider for an Internet connection, or 
some other Internet accessible service such as a search engine or a 
battlefield command and control Internet site becomes inoperative, 
then users 2004 may be transparently (or substantially so) switched to 
a corresponding backup service provider for the Internet service. 
Thus, the database 2124 may allow for providing a simple and 
effective technique for providing the platform 2004 with a measure of 
fail safeness to network services that are accessible via the platform 
2004. 

Note that the services & applications 2016 (Fig. 20) are 
representative examples of some of the services that may be requested 
as called services. However, these services may also be connection 
services, e.g., the 91 1 may be a voice over IP connection which also 



provides the FCC mandated information to the 91 1 center. The 
services identified in 2016 will how be briefly described: 

i. Yellow page services related to the purchase of products and/or 
services, and in particular electronic networked yellow page 
services as described more fully under the section Wireless 
Location Applications hereinbelow; 

ii. Emergency services such E 91 1 in the USA (note that 
emergency services are typically routed through substantially 
dedicated channels; however, it is believed that with increasing 
network bandwidth and robustness, such dedicated channels can 
be substantially dispensed with and, instead, such emergency 
services can be appropriately and timely performed by the using 
the platform 2004 of the present invention. Moreover, by 
utilizing the platform 2004, emergency services may be 
significantly enhanced by, e.g., accessing the emergency callers 
profile and thereby alerting friends, relatives,, neighbors, and/or 
appropriate passersby. Additionally, caller medical information 
may be provided in the caller's profile such as type of medical 
insurance, caller medical conditions, and/or medical personal to 
be alerted; 

iii. 41 1 information services, and in particular, location based 
information services, and more particularly "intelligent" 
location based information services such as the location base 
. routing services described hereinbelow in the section titled 
Routing Applications, and the section titled Point of Interest 
Applications hereinbelow; 

iv. Roaming services such as wireless concierge services that may 
offered to travelers by, e.g., hotels as described more fully in the 
section titled Roaming Services hereinbelow. 



Note, however, that for different appHcation domains very 
different network services may be available. For example, in a 
military or battlefield context there may be analogous services to 
some of the items (i) through Xiv) immediately above; however, 
5 certainly additional network services are likely such as network 

services for real time control over robotic or surveillance battlefield 
devices. 

Step 22 1 6: Subsequently, a determination is made by the subscriber identification 
& application authorization subsystem 2 11 6 as to whether the 

10 network service request is an emergency such as an E9 1 1 request. 

Step 2220: If the results from Step 22 1 6 is positive, then the subsystem 2116 

activates an emergency protocol for communicating with one or more 
emergency response service providers 2132 (represented in Fig. 21 by 
the 91 1 processing block 2132), whereby, e.g., a predetermined series 

15 of emergency tasks or steps are performed for: (i) locating the 

emergency, (ii) identifying the type of emergency, and (iii) directing 
assistance to the emergency or directing persons out of the 
emergency. When the platform 2004 is used for accessing network 
services within a U.S. commercial mobile radio provider network 

20 (CMRS), the U.S. Federal Communications Commission (FCC) 

provides guidelines and mandates regarding how and what emergency 
tasks are performed. Such emergency protocols are well kiiown in 
the art and are not elaborated on here. However, note that such 
emergency protocols may be different when the platform 2004 is 

25 utilized in a military or battlefield context, or in the context of a 

major disaster such as damage from a hurricane or a biological 
terrorist attack in that there may be many requests for emergency 
services within a relatively short timefirame (e.g., 1 minute to 12 
hours or longer). However, whether the platform 2004 is utilized in a 

30 civilian or military context, a high rate of emergency service requests 



can be problematic for the communications network to appropriately 
handle. In one embodiment, of the platform 2004, the subsystem 
2116 detects high rates of emergency requests, and alerts a platform 
controller 2136 (Fig. 21) which, e.g., allocates computational 
resources within the platform 2004, and handles error or exceptional 
event processing. The controller 2136 may in one embodiment, 
modify the database 2 1 24 so that when the subsystem 2116 
subsequently accesses this database for determining an emergency 
response service provider to service emergency requests, the database 
2124 commences to distribute the output identifications of emergency 
response service over a plurality of such service providers. Thus, two 
successive requests for a emergency response service provider by the 
subsystem 2116 may result in different in identifications of two 
different service providers, whereas without the controller 2136 
database modification, the same emergency response service provider 
would have been provided to the subsystem 21 16. Note that the 
database 2124 may use a static or fixed allocation scheme for 
allocating emergency service requests among a plurality of emergency 
response service providers 2132 operatively connected to the platform 
2004. Alternatively, a dynamic scheme may be used wherein there is 
feedback to the platform 2004 (and more particularly, the controller 
2136) from each (or at least some) of the emergency response service 
providers 2132 providing data indicative of the emergency processing 
loads they are experiencing- For example, such feedback from an 
emergency response service provider may include one or more of: (i) 
a measurement related to the number of emergency requests that are 
queued and not currently being processed (e.g., the current number or 
the average over some time period); (ii) a measurement related to the 
rate at which emergency requests are being processed (e.g., an 
average number of emergency requests fully processed in a particular 



time period); (iii) one or more measurements related to the time to 
process a specified number of emergency requests (e.g., an average 
time for fully processing a moving window of 10 emergency requests, 
a percentage of the number of emergency requests being currently 
processed that are identified as likely to require very lengthy or an 
indeterminate amount of time to process; (iv) a measurement related 
to the overall emergency response processing load (e.g., this 
measurement identified as high whenever a measurement for (i) is 
above is above a predetermined threshold, or a measurement for (iii) 
above is above a predetermine threshold). 

Thus, upon receiving such feedback, the controller 2136 may be 
able to adjust the distribution of emergency requests among the 
emergency response service providers to thereby balance the loads on 
these service providers, or provide a higher emergency response 
completion rate, or provide a lower average time for providing an 
initial response to emergency requests. 

Moreover, the present step also includes providing what is known 
as "reverse 911" protocols, wherein persons in a given area are 
alerted to an emiiient or likely emergency situation or event which 
may be dangerous to them, e.g., an impending flood, an enemy . 
aircraft that is nearby, a change in the direction of a forest fire or 
hurricane, etc. Thus, for such reverse 91 1 service requests, the 
requestor is likely to be a governmental agency or designated agent 
(e.g., a field observer), and location information, e.g., indicating the 
area to likely be affected by the imminent threat is provided with the 
service request. Accordingly, subscribers (and others that can be 
contacted) whose location is identified as being in designated area are 
notified of the danger. Thus, it is aspect of the platform 2004 to push 
certain types of information to users' MSs 140 such as reverse 911 
information. 



Step 2224: If the result from step 22 1 6 indicates that the service request is not for 
an emergency, then in step 2224 the subsystem 2116 may access a 
billing system 2 1 40 (Fig. 2 1 ) for determining whether the request by a 
user 2008 should be honored. Note such access to the billing system 
5 2140 may be desirable for the present invention since an important 

aspect of the platform 2004 is the ability to provide common network 
services (and in particular complex network services, and more 
particularly, wireless location base network services) to a large and 
potentially varying number of network services. That is, it may be the 

10 case that a user 2008 is denied further access to a particular network 

service due to a delinquent payment or disputed charges, but is given 
access to other network services. Additionally, the present step 
accesses the database 2120 for retrieving profile information for the 
user 2008 requesting the service, and/or the user profile information 

1 5 related to the service or application being requested. 

Step 2228: In the present step a determination is made by the subsystem 2 1 1 6 as 
to whether the application being requested is known to the platform 
2004. Note that for roaming MS 140 users, they may request services 
that are not available in a network in which they are roaming. 

20 Step 2232: If the result from step 2228 is negative, then in one embodiment of 
the present step an applications controller 2 144 and more particularly 
application access initialization 2148 attempts to obtain data for 
initializing access to the requested service and providing the billing 
system 2 140 with sufficient information for billing for the service 

25 request. If the application access initialization 2148 is successful, 

then in these two substeps, then retrieved application request 
description data may be in the application requirements database 
management system 2152. However, in another alternative 
embodiment of the present step, the application access initialization 

30 2148 outputs a request failure code, and this code is provided to the 



subscriber interfaces component 2 1 04, wherein an appropriate 
representation of this failure is presented to the user 2008 by 
accessing the presentation engine 2156 for generating a presentation 
that is presentable at the user's network device such as an MS 140. 
5 Subsequently, in this embodiment, the process of Fig. 22 terminates 

relative to the service request being processed. 
Step 2236: If the result from step 2228 is positive, then in one embodiment the 
subsystem 2116 determines whether there is authorization for . 
activating an application for fulfilling the service request. 
10 Step 2240: If the result of step 2236 is negative, then in a similar manner to the 
alternative embodiment of step 2232 a failure indication is output to 
the user. 

Step 2244: If the result of step 2236 is positive, then the applications controller 
2144 performs the following steps: (a) it parses the service request for 

15 identifying service request specific data; (b) it prioritizes the service 

request according to, e.g., desired performance requirements for 
fulfilling the service request and priority; and (c) if needed, 
determines network access paths for accessing the application that 
can fulfill the service request, and/or activates the request 

20 provisioning system 2 1 60 for determining/allocating network 

resources such as equipment and bandwidth (e.g., virtual private 
communication channels or allocating bandwidth for a user requested 
movie to be streamed to his/her MS 140). 
Step 2248: ■ Li the present step, the applications controller 2144 in combination 

25 with the request provisioning system 2160: (a) accesses the 

applications requirements data management system 2 1 52 to 
determine what activations of other network services are required by 
the current service request being processed by the applications 
controller 2144, and (b) determines how such additional network 

30 service output are to be provided to the current service request being 



processed; e.g., output format, output timing restrictions, accuracy 
restrictions, etc. Note that the appHcations requirements data 
management system 2 1 52 may include scripts or other interpretative 
or executable code that identifies a series of intermediate service 
requests that must be performed to the fulfill the user's input service 
request. Moreover, in some embodiments, the user's input service 
request may substantially identify such intermediate steps and thereby 
over ride any default intermediate service requests in the data 
management system 2152. In particular, the user service request 
input may be declarative in nature, wherein the user identifies what is 
to be performed in as much detail as desired and the system 2 152 
determines the mapping between a desired output and the one or more 
service requests the need to be ftilfiUed in order to fulfill the user's 
request. Thus, for each service request for which the platform 2004 is 
responsible for processing the request, the system 2152 includes, e.g., 
a script, schema or other data structure indicating the services to be 
activated, any sequencing of those services. Note that by providing 
such data structures (e.g., service request scripts) so that they are 
accessible by the platform 2004, then following advantages are 
obtained: (1) any backup or alternative services that can be used may 
be performed as necessary without the users 2004 having to specify 
such alternatives; (2) network and/or service request enhancements 
may be more easily utilized in fulfilling service requests certain 
service requests; e.g., certain location based service requests may 
require a particular location accuracy and such accuracy may require 
activating more than one location service provider. Typically, the 
wireless location gateway or location center 142 would provide such 
fimctionality. However, certain networks utilize such a gateway and 
the platform 2004 may assume such responsibility, Accordingly, 
such scripts for location based services that require a predetermined 



accuracy may be modified without the need to change to user service 
requests input to the platform 2004. Thus, a location based dating 
service may require location based information of mobile stations 140 
that are within 20 meters of one another, and it may be determined 
(e.g., through user complaints) that the accuracy currently being 
provided is insufficient. Thus, the corresponding script for fulfilling 
an activation of the dating service request may be changed to use 
additional location service providers and/or a location gateway 1 42 
entirely transparent to the users 2008. In anther example, if the 
platform 2004 offers a service request to obtain estimates for 
obtaining discounted hotel rooms for users 2008 seeking immediate 
occupancy in a relatively local geographical area (e.g., a city or within 
5 miles of the user), the script for such a service may change 
frequently according to season, occupancy rates, hotels opting in or 
out of such a service. 

A determination is made by the applications controller 2144 as to 
whether there are currently sufficient network resources available to 
appropriately fulfill the service request currently being processed 
(more precisely, attempting to be processed). 
If the resuh from step 2252 is negative, then in one embodiment of 
the present step, the applications controller 2 1 44 requeues the current 
service for examining at a later time and commences processing 
another service request as the current request. Additionally, the 
applicafions controller 2144 may issue an allocation request to the 
request provisioning system 2 1 60 to reserve certain network 
resources (e.g., reserve a high bandwidth data channel) if such is 
needed by the previous "current" service that has been requeued. If 
the requeued service request is not processed within a request specific 
amount of time, then as in the alternative embodiment of step 2232, 
the user 2008 is informed of the failure of the service request. 



However, in one alternative embodiment, instead of notifying the user 
2008 of failure, the user may be notified that there is a delay in 
fulfilUng the service request and the user may be provided with the 
option of canceUng the service request or waiting for its fulfillment. , 
Step 2260: The applications controller 2 1 44 activates one or more applications 
for fulfilling the service request currently being processed since all 
the network resources it requires are available as well as the 
application(s) for fulfillment of the request. Note that the service 
request data processed by the applications controller 2144 may be in 
form of script that the controller 2 1 44 interprets. 
Step 2264: In some circumstance service requests are automatically activated as, , 
e.g., intermediate steps in fulfilling another service request. 
Accordingly, the present step illustrates the performance of such . 
automatically activated service requests. 
. The above high level description of the processing performed by the platform 
2004 is not fully descriptive of the entire processing capabilities that various 
embodiments of the present invention may include nor of other features and benefits of 
the components that communicate with the platform 2004. Accordingly, additional 
description of component provided by or in communication, with an embodiment of 
the platform 2004 will now be described: 

(a) billing system 2 140: Note that in one embodiment of the platform 2004 
the billing system 21 40 (or an enhancement thereto) is the billing 
system of the wireless carrier with whom the user 2008 subscribes for 
wireless services. It is contemplated that for various wireless 
applications, and particularly location based applications, such 
applications can be more quickly make available to subscribers 2008 if 
the already existing network infrastructure and support services (such 
as billing) are used. Thus, assuming an appropriate and preferably 
uniform interface between service request fulfillment application 
management processes (not shown) and the billing system 2 1 04, 



business rules, charges for existing, new and removed application 
services maybe communicated to the billing system 2104. 
Furthermore, such a central billing system 2 1 04 makes it easier for 
network services, and in particular, complex network services such as 
5 location based services to be bundled or packaged together and 

potentially provided under the trademarks or servicemarks of the 
wireless carrier even though such "private label" applications 
(identified in Fig. 20 by the components labeled 2020 and 2024) are 
owned and operated by third parties. Moreover^ such a central billing 

10 system 2140 also has the advantage of providing fewer individual bills 

to the subscribers 2008 in that charges for such services may be 
incorporated into the bill provided by the subscriber's wireless carrier; 
(b) data exposure engine: This component provides the functionality 
described in the Wireless Application Platform Services and 

15 Architecture section of the Summary. 



Wireless Location Applications 

Such wireless location applications as were briefly described above in reference 
to the gateway 142 will now be described in further detail. Note that the following - 

20 location related services are considered within the scope of the invention, and such 
services can, in general, be provided without use of a gateway 1 42, albeit, e.g., in a 
likely more restricted context wherein not all available wireless location estimating 
techniques are utilized, and/or by multiplying the number of interfaces to geolocation 
service providers (e.g., distinct wireless location interfaces are provided directly to 

25 each wireless location service provider utilized). 

Routing Applications 

In one noteworthy routing application, hotels and other personal service 
providers, such as auto rental agencies, resorts and cruise ships may provide 



inexpensive or free wireless concierge services to their customers, wherein an 
inexpensive MS 140 can offered to customers that can be used substantially only for 
contacting: (i) the personal service, (ii) emergency services, (iii) receiving directions to 
return to the personal service, and/or (iv) routing or directing customers predetermined 
5 locations such as historic sites, shopping areas, and/or entertairmient. In a similar 
fashion, instead of providing such a dedicated MS 140, the person service could in an 
alternative embodiment, could allow customers access such information from their 
own personal mobile stations 140. In one embodiment, this may be accomplished by 
allowing a user to attach such information to their user profiles and thereby obtain at 

10 least temporary access to a wireless concierge providing one or more of the location 
based services (i) - (iv) immediately above. Accordingly, the MS 140 may be 
wirelessly located during operations (ii) and (iii) via wireless communications between 
the MS 1 40 and a local commercial wireless service provider wherein a request to 
locate the MS 140 is provided to, e.g., the gateway 142, and the resulting MS location 

15 estimate is: provided to a public safety emergency center (e.g., E91 1) for dispatching 
emergency services, or provided to a mapping and routing system such as provided by 
Maplnfo or disclosed in the LeBlanc et, al. patent application filed Jan. 22, 1 999 and 
having U.S. Patent No. 6,236,365 (which is hilly incorporated herein by reference) so 
that the MS 140 user may be routed safely and expeditiously to a predetermined 

20 location of the personal service. Note that data representing the location of the 
personal service can be associated with an identification of the MS 140 so that MS 
activation for (iii) above results in one or more audio and/or visual presentations of 
directions for directing the user to return to the personal service. 

Additionally, directions to such personal services may be made available to the 

25 personal MS 140 of a user, wherein upon calling a number (or accessing a website via 
the MS), the directions to a desired destination may be transmitted to the MS and 
presented to the user. Moreover, such directions may be dependent upon how the MS 
user is traveling. For example, if it is known (or presumed) that the user is in a vehicle 
such as an auto, the user may be directed first to a parking garage rather than to the 

30 front door of a government agency building. Alternatively, if it is known (or 



presumed) that the user is on foot, then the MS user may indeed be directed to the 
front door of the government agency building. Similarly, if the MS 140 is determined 
to be on a train, bicycle, watercraft, etc. such modes of conveyance may be used in 
determining an appropriate route to present to the MS user. In one embodiment of the 
5 invention, traffic congestion may also be used to determine an appropriate route to 
present to the MS user. 

Moreover, it is an aspect of the present invention that the MS 140 user may be 
tracked by, e.g., periodic MS location determinations, until the MS user is 
substantially at the personal service. Note that if the MS 140 user does not correctly 

10 follow the directions received, then for a predetermined deviation (e.g., dependent 
upon whether it is perceived that the user is on foot or in a vehicle, which may be 
determined according to the user's velocity) the MS user may be alerted to the 
deviation and a new route determined dependent upon, e.g., the user's new location, 
the direction that the user is traveling, and/or the mode of transportation. For example, 

15 if the MS 140 user got on an subway train, then after one or more locations of the MS 
user have been performed, if such locations are sufficiently accurate, it can be 
determined whether the user is proceeding along a route consistent with directions 
provided, and that the user is on the subway. In the case where the MS user got onto 
the wrong subway train, the user can be alerted of this fact and given the opportunity 

20 to have a new route determined which takes into account not only the user's location, 
but where the user can exit the subway train, and likely the subway train schedules for 
expeditiously getting the MS user to his/her destination. 

The MS 140 and the MS location providing wireless network (e.g., a CMRS, a 
PSTN 124 or the Internet 468) may also pro vide. the MS user with the ability to 

25 explicitly request to be substantially continuously tracked, wherein the MS tracked 
locations are stored for access by those having permission (e.g., the user, parents 
and/or associates of the user). Additionally, the velocity and/or expected time of 
arrival at a predetermined destination may be derived from such tracking and may be 
provided to the user or his/her associates (e.g., employer, friends, and/or family). 

30 Further, note that this tracking and notification of information obtained therefrom may 



be provided via a commercial telephony or Internet enabled mobile station, or a mobile 
station in operable communication with a short messaging service. For example, the 
MS registered owner may provide permissions for those able to access such MS 
tracking information so that such information can be automatically provided to certain 
5 associates and/or provided on request to certain associates. Additionally, note that the 
MS 1 40 and the MS location providing wireless network may also allow the MS user 
to deactivate such MS tracking functionality. In one embodiment, an MS user may 
activate such tracking for his/her MS 140 during working hours and deactivate such 
tracking during non-working hours. Accordingly, an employer can then track 

10 employee's whereabouts during work hours, while the employee is able to retain 

his/her location privacy when not working although the employer may be still able to 
contact the employee in case of an emergency during the employee's non-working 
time. Note, that this location capability and method of obtaining location information 
about an MS user while assuring privacy at other times may be useful for appropriately 

15 monitoring in personnel in the military, hospitals, transportation services (e.g., for 

couriers, bus and taxis drivers), telecommunications personnel, emergency rescue and 
correctional institution personnel. Further, note that this selective MS location 
capability may be performed in a number of ways. For example, the MS 140 may 
activate and deactivate such tracking by dialing a predetermined number (e.g., by 

20 manually or speed dialing the number) for switching between activation of a process 
that periodically requests a wireless location of the MS 140 from, e.g., the location 
gateway 142. Note that the resulting MS location information may be made available 
to other users at a predetermined phone number, Internet address or having sufficient 
validation information (e.g., a password). Alternatively, the MS location providing 

25 wireless network may automatically activate such MS tracking for predetermined 
times of the day and for predetermined days of the week. Note that this latter 
embodiment may be particularly useful for both tracking employees, e.g., at large 
construction sites, and, e.g., determining when each employee is at his/her work site. 
Thus, in this embodiment, the MS location providing wireless network may provide 

30 database storage of times and days of the week for activation and deactivation of this 



selective MS tracking capability that is accessible via, e.g., a network service control 
point 104 (or other telephony network control points as one skilled in the art will 
understand), wherein triggers may be provided within the database for generating a 
network message (to, e.g., the gateway 142) requesting the commencement of tracking 
5 the MS 1 40 or the deactivation of such tracking. Accordingly, the resulting MS 

location information may be provided to an employer's tracking and payroll system so 
that the employer is able to determine the actual time an employee arrives at and 
leaves a work location site. 

In another routing related application of the present invention, an MS 1 40 and 

10, the MS location providing wireless network may provide the MS user with 

functionality to register certain locations so that data representing such locations can 
be easily accessed for use at a later time. For example, the MS 140 user may be 
staying at a hotel in an unfamiliar area. Accordingly, using the present capability of 
the invention, the user can request, via his/her MS 140, that his/her location at the 

15 hotel be determined and registered so that it is available at a later time for routing the 
user back to the hotel. In fact, the user may have personal location registrations of a 
plurality of locations in various cities and countries so that when traveling the, user has 
wireless access to directions to preferred locations such as his/her hotel, preferred 
restaurants, shopping areas, scenic areas, rendezvous points, theatres, athletic events, 

20 churches, entertainment establishments, locations of acquaintances, etc. Note, that 
such personal location registration information may reside primarily on the user's 
subscriber network, but upon the MS user's request, his/her personal location 
registrations may be transmitted to another network from which the user is receiving 
wireless services as a roamer. Moreover, any new location registrations (or deletions) 

25 may be duplicated in the user's personal registration of the user's subscriber network. 
However, in some instances an MS user may wish to retain such registered locations 
only temporarily while the user is in a particular area; e.g., a predetermined network 
coverage area. Accordingly, the MS user may indicate (or such may be the default) 
that a new personal location registration be retained for a particular length of time, 

30 and/or until a location of the user is outside the area to which such new location 



registrations appear to be applicable. However, prior to deleting any such 
registrations, the MS user may be queried to confirm such deletions. For example, if 
the MS user has new location registrations for the Dallas, Texas area, and the MS user 
subsequently travels to London, then upon the first wireless location performed by the 

5 MS user for location registration services, the MS user may be queried as to whether to 
save the new Dallas, Texas location registrations permanently, for an particular length 
of time (e.g. 30 days), or delete all or selected portions thereof 

Other routing related applications of the present invention are for security (e.g., 
tracking how do I get back to my hotel safely), and, e.g., sight seeing guided tour 

10 where the is interactive depending on feedback from users 

Roaming Services 

Roaming services such as wireless concierge services that may offered to 
travelers by, e.g., hotels, resorts, theme parks, and/or ski areas. Additionally and/or 
alternatively, a user 2008 may be able to store and associate a location with a user 

15 input description (and possibly a picture if the user's MS 140 supports such) and store 
such information so that it is available at a later time, e.g., when the user is once again 
in the same geographical area. 

There may also be roaming services wherein the various portions of the user's 
profile and/or attachments thereto may become active depending on the geographical 

20 location of the user. For example, a hotel chain may offer regional and/or global 
wireless concierge services wherein local location based information, such as pre- 
selected restaurants, shopping areas, points of interest, entertainment, exercise areas, 
travel routes, bus (train or boat) schedules, parking areas (e.g., where may be 
subsidized by the hotel chain), sports equipment rentals, emergency services (police, 

25 fire, etc.), that is in a geographical area (such as a metropolitan area, a resort area, a 
theme park or other relatively local area) where the user is located is automatically 
activated as the "current" set of locations to receive priority when the user enters a 
request that can be satisfied by entities identified in such local location based 
information. Note that a potentially simple embodiment of this aspect of the present 



invention may be for the hotel chain to have an Internet website having for each of 
their hotels, corresponding web pages dedicated to local location based information in 
geographic areas surrounding the hotel. Such web pages may provide searching and 
routing capabilities related to the local location base information for relatively local 
5 geographical areas surrounding the hotel and these web pages may be made the default 
wireless concierge service capability. In one embodiment, a user's profile (or specific 
portions thereof) maintained, e.g., (i) by a network service, such as a wireless carrier, 
(ii) by the user himself (i.e., on the user's MS 140, assuming the user's MS 140 has 
sufficient storage capacity), (iii) by an electronic yellow pages entity, (iv) by an 
10 Internet search engine, may be made available (at least temporarily) to the hotel's 
Internet wireless concierge capabilities so that user service requests can be easily 
customized to the user's preferences. Moreover, such Internet access may provide 
access (at least while the user is staying at the hotel) to discounts, coupons, and/or free 
access to various local facilities. 

15 

Advertising Applications 

Advertising may be directed to an MS 140 according to its location. In at least 
some studies it is believed that MS 140 users do.not respond well to unsolicited 
wireless advertisement whether location based or otherwise. However, in response to 

20 , certain user queries for locally available merchandise, certain advertisements may be 
viewed as more friendly. Thus, by allowing an MS user to contact, e.g., a wireless 
advertising portal by voice or via wireless Internet, and describe certain products or 
services desired (e.g., via interacting with an automated speech interaction unit), the 
user may be able to describe and receive (at his/her MS 140) audio and/or visual 

25 presentations of such products or services that may satisfy such a user's request. For 
■ example, a user may enter a request: "I need a Hawaiian shirt, who has such shirts near 
here?" 

In the area of advertising, the present invention has advantages both for the MS 
user (as well as the wireline user), and for product and service providers that are 



nearby to the MS user. For instance, an MS user may be provided with (or request) a 
default set of advertisements for an area when the MS user enters the area, registers 
with a hotel in the area, or makes a purchase in the area, and/or requests information 
about a particular product or service in the area. Moreover, there may be different 
5 collections of advertisements for MS users that are believed to have different 
demographic profiles and/or purposes for being in the area. Accordingly, an MS 
whose location is being determined periodically may be monitored by an 
advertisement wizard such that this wizard may maintain a collection the MS user's 
preferences, and needs so that when the MS user comes near a business that can satisfy 

10 such a preference or need, then an advertisement relating to the fulfillment of the 
preference or need may be presented to the MS user. However, it is an aspect of the 
invention that such potential advertising presentations be intelligently selected using as 
much information about the user as is available. In particular, in one embodiment of - 
the invention MS user preferences and needs may be ordered according to importance. 

15 Moreover, such user preferences and needs may be categorized by temporal 

importance (i.e., must be sadsfied within a particular time frame, e.g., immediately, 
today, or next month) and by situational importance wherein user preferences and 
needs in this category are less time critical (e.g.,. do not have to satisfied immediately, 
and/or within a specified time period), but if certain criteria are meet the user will 

20 consider satisfying such a preference or need. Thus, finding a Chinese restaurant for 
dinner may be in the temporal importance category while purchasing a bicycle and a 
new pair of athletic shoes may be ordered as listed here in the situational category. . 
Accordingly, advertisements for Chinese restaurants may be provided to the user at 
least partially dependent upon the user's location. Thus, once such a restaurant is 

25 selected and routing directions are determined, then the advertising wdzard may 

examine advertisements (or other available product inventories and/or services that are 
within a predetermined distance of the route to the restaurant for determining whether 
there is product or service along the route that could potentially satisfy one of the 
user's preferences or needs from the situational importance category. If so, then the 

30 MS user be may provided with the option of examining such product or service 



information and registering the locations of user selected businesses providing such 
products or services. Accordingly, the route to the restaurant may be modified to 
incorporate detours to one or more of these selected businesses. Of course, an MS 
user's situationally categorized preferences and needs may allow the MS user to 
5 receive unrequested advertising during other situations as well. Thus, whenever an 
MS user is moving such an advertisement wizard (e.g., if activated by the user) may 
attempt to satisfy the MS user's preferences and needs by presenting to the user 
advertisements of nearby merchants that appear to be directed to such user preferences 
and needs. 

10 Accordingly, for MS user preferences and needs, the wizard will attempt to 

present information (e.g., advertisements, coupons, discounts, product price and 
quality comparisons) related to products and/or services that may satisfy the user's 
corresponding preference or need: (a) within the time frame designated by the MS user 
when identified as having a temporal constraint, and/or (b) consistent with situational 

15 criteria provided by the MS user (e.g., item on sale, item is less than a specified 
amount, within a predetermined traveling distance and/or time) when identified as 
having a situational constraint. Moreover, such information may be dependent on the 
geolocation of both the user and a merchant(s) having such products and/or services. 
Additionally, such information may be dependent on a proposed or expected user route 

20 (e.g., a route to work, a trip route). Thus, items in the temporal category are ordered 
according how urgent must a preference or need must be satisfied, while items in the 
situational category may be substantially unordered and/or ordered according to 
desirableness (e.g., an MS user might want a motorcycle of a particular make and 
maximum price, want a new car more). However, since items in the situational 

25 category may be fulfilled substantially serendipitous circumstances detected by the 
wizard, various orderings or no ordering may be used. Thus, e.g., if the MS user 
travels from one commercial area to another, the wizard may compare a new collection 
of merchant products and/or services against the items on an MS user's temporal and 
situational lists, and at least alerting the MS user that there may be new information 

30 available about a user desired service or product which is within a predetermined 



traveling time from where the user is. Note that such alerts may be visual (e.g., 
textual, or iconic) displays, or audio presentations using, e.g., synthesized speech (such 
as "Discounted motorcycles ahead three blocks at Cydes Cycles"). 

Note that the advertising aspects of the present invention may be utilized by an 
5 intelligent electronic yellow pages which can utilize the MS user's location (and/or 
anticipated locations; e.g., due to roadways being traversed) together with user 
preferences and needs (as well as other constraints) to both intelligently respond to 
user requests as well as intelligently anticipate user preferences and needs. A block 
diagram showing the high level components of an electronic yellow pages according to 

10 this aspect of the present invention is shown in Fig. 19. Accordingly, in one aspect of 
the present invention advertising is user driven in that the MS user is able to select 
advertising based on attributes such as: merchant proximity, traffic/parking conditions, 
the product/service desired, quality ratings, price, user merchant preferences, 
product/service availability, coupons and/or discounts. That is, the MS user may be 

15 able to determine an ordering of advertisements presented based on, e.g., his/her 
selection inputs for categorizing such attributes. For example, the MS user may 
request advertisements athletic shoes be ordered according to the following values: (a) 
within 20 minutes travel time of the MS user's current location, (b) midrange in price, 
(c) currently in stock, and (d) no preferred merchants. Note that in providing 

20 advertisements according to the MS user's criteria, the electronic yellow pages may 
have to make certain assumptions such if the MS user does not specify a time for being 
at the merchant, the electronic yellow pages may default the time to a range of times 
somewhat longer than the travel time thereby going on the assumption that MS user 
will likely be traveling to an advertised merchant relatively soon. Accordingly, the 

25 electronic yellow pages may also check stored data on the merchant to assure that the 
MS user can access the merchant once the MS user arrives at the merchant's location 
(e.g., that the merchant is open for business). Accordingly, the MS user may 
dynamically, and in real time, vary such advertising selection parameters for thereby 
substantially inomediately changing the advertising being provided to the user's MS. 

30 For example, the MS display may provide an area for entering an identification of a . 



product/service name wherein the network determines a Hst of related or 
complementary products/services. Accordingly, if an MS user desires to purchase a 
wedding gift, and knows that the couple to be wed are planning a trip to Australia, 
then upon the MS user providing input in response to activating a "related 
5 products/services" feature, and then inputting, e.g., "trip to Australia" (as well as any 
other voluntary information indicating that the purchase is for: a gift, for a wedding, 
and/or a price of less than $100,00), then the intelligent yellow pages may be able to 
respond with advertisements for related products/services such as portable electric 
power converter for personal appliances that is available from a merchant local (and/or 

10 non-local) to the MS user. Moreover, such related products/services (and/or 

"suggestion") functionality may be interactive with the MS user. For example, there 
may be a network response to the MS user's above gift inquiry such as "type of gift: 
conventional or unconventional?". Moreover, the network may inquire as to the 
maximum travel time (or distance) the MS user is willing to devote to finding a 

15 desired product/service, and/or the maximum travel time (or distance) the MS user is 
willing to devote to visiting any one merchant. Note that in one embodiment of the 
electronic yellow pages, priorities may be provided by the MS user as to a presentation 
ordering of advertisements, wherein such ordering may be by: price 

Note that various aspects of such an electronic yellow pages described herein 

20 . are not constrained to using the MS user's location. In general, the MS user's location 
is but one attribute that can be intelligently used for providing users with targeted 
advertising, and importantly, advertising that is perceived as informative and/or 
addresses current user preferences and needs. Accordingly, such electronic yellow 
page aspects of the present invention in are not related to a change in the MS user's 

25 location over time also apply to stationary communication stations such home 

computers wherein, e.g., such electronic yellow pages are accessed via the Intemet. 
Additionally, the MS user may be able to adjust, e.g., via iconic selection switches 
(e.g., buttons or toggles) and icon range specifiers (e.g., slider bars) the relevancy and 
a corresponding range for various purchasing criteria. In particular, once a parameter 

30 is indicated as relevant (e.g., via activating a toggle switch), a slider bar may be used 



for indicating a relative or absolute value for the parameter. Thus, parameter values 
may be for: : product/service quality ratings (e.g., display given to highest quality), 
price (low comparable price to high comparable price), travel time (maximum 
estimated time to get to merchant), parking conditions. 

Accordingly, such electronic yellow pages may include the following 
■functionality: 

(a) dynamically change as the user travels from one commercial area to 
another when the MS user's location periodically determined such that 
local merchant's are given preference; 

(b) .routing instructions are provided to the MS user when a merchant is 
selected; 

(c) provide dynamically generated advertising that is related to an MS user's 
preferences or needs. For exarnple, if an MS user wishes to purchase a new 
dining room set, then such an electronic yellow pages may dynamically 
generate advertisements with dining room sets therein for merchants that 
sell them. Note that this aspect of the present invention is can be 
accomplished by having, e.g., a predetermined collection of advertising 
templates that are assigned to particular areas of an MS user's display 
wherein the advertising information selected according to the item(s) that 
the MS user has expressed a preferences or desire to purchase, and 
additionally, according to the user's location, the user's preferred 
merchants, and/or the item's price, quality, as well as coupons, and/or 
discounts that may be provided. Thus, such displays may have a plurality 
of small advertisements that may be selected for hyperlinking to more 
detailed advertising information related to a product or service the MS user 
desires. Note that this aspect of the present invention may, m one 
embodiment, provide displays (and/or corresponding audio information) 
that is similar to Internet page displays. However, such advertising may 
dynamically change with the MS user's location such that MS user 
preferences and needs for a items (including services) having higher 



priority are given advertisement preference on the MS display when the MS 
user comes within a determined proximity of the merchant offering the 
item. Moreover, the MS user may be able dynamically reprioritize the 
advertising displayed and/or change a proximity constraint so that different 
advertisements are displayed. Furthermore, the MS user may be able to 
request advertising information on a specified number of nearest merchants 
that provide a particular category of products or services. For example, an 
MS user may be able to request advertising on the three nearest Chinese 
restaurants that have a particular quality rating. Note, that such 
dynamically generated advertising 
(d) information about MS user's preferences and needs may be supplied to 
yellow page merchants regarding MS user's reside and/or travel nearby 
yellow subscriber merchant locations as described hereinabove 
The following is a high level description of some of the components shown in 

Fig. 19 of an illustrative embodiment of the electronic yellow pages of the present 

invention. - 

a. Electronic yellow pages center: Assists both the users and the 
merchants in providing more useful advertising for enhancing 
business transactions. The electronic yellow pages center may be a 
regional center within the carrier, or (as shown) an enterprise 
separate from the carrier. The center receives input from users 
regarding preferences and needs which first received by the user 
interface. 

b. User interface: Receives input from a user that validates the user 
via password, voice identification, or other biometric capability for 
identifying the user. Note that the that the identification of user's 
communication device (e.g., phone number) is also provided. For a 
user contact, the user interface does one of: (a) validates the user 
thereby allowing user access to further electronic yellow page 



services, (b) requests additional validation information from the 
user, or (c) invalidates the user and rejects access to electronic 
yellow pages. Note that the user interface retrieves user 
identification information from the user profile database (described 
hereinbelow), and allows a validated user to add, delete, and/or 
modify such user identification information. 
User ad advisor: Provides user interface and interactions with the 
user. Receives an identification/description of the user's 
communication device for determining an appropriate user 
communication technique. Note that the user ad advisor may also 
query (any) user profile available (using the user's identity) for 
determining a preferred user communication technique supported 
by the user's communication device. For example, if the user's 
communication device supports visual presentations, then the user 
ad advisor defaults to visual presentations unless there are 
additional constraints that preclude providing such visual 
presentations. In particular, the user may request only audio ad 
presentations, or merely graphical pages without video. 
Additionally, if the user's conomunication supports speech 
recognition, then the user ad advisor may interact with user solely 
via verbal interactions. Note that such purely verbal interactions 
may be preferable in some circumstances such as when the user can 
not safely view a visual presentation; e.g., when driving. Further 
note that the user's communication device may sense when it is 
electronically connected to a vehicle and provide such sensor 
information to the user ad advisor so that this module will then 
default to only a verbal presentation unless the user requests 
otherwise. Accordingly, the user ad advisor includes a speech 
recognition unit (not shown) as well as a presentation manager (not 
shown) for outputting ads in a form compatible both with the 



functional capabilities of the user's communication device and with 
the user's interaction preference. 

Note that the user ad advisor communicates: (a) with the user ad 
selection engine for selecting advertisements to be presented to the 
user, (b) with the user profile database for inputting thereto 
substantially persistent user personal information that can be used 
by the user ad selection engine, and for retrieving user preferences 
such as media preference (s) for presentations of advertisements, and 
(c) with the user preference and needs satisfaction agents for 
instantiating intelligent agents (e.g., database triggers, initiating 
merchant requests for a product/service to satisfy a user preference 
or need). 

Also note that in some embodiments of the present invention, 
the user ad advisor may also interact with a user for obtaining 
feedback regarding: (a) whether the advertisements presented, the 
merchants represented, and/or the products/services offered are 
deemed appropriate by the user, and (b) the satisfaction with a 
merchant with which the user has interactions. In particular, such 
feedback may be initiated and/or controlled substantially by the user 
preference and needs satisfaction agent management system 
(described hereinbelow). 
d. User profile database: A database management system for 
accessing and retaining user identification information, user 
personal information, and identification of the user's 
"communication device (e.g., make , model, and/or software 
version(s) being used). Note that the user profile database may 
contain information about the user that is substantially persistent; 
e.g., preferences for: language (e.g., English, Spanish, etc.), ad 
presentation media (e.g., spoken, textual, graphical, and/or video), 
maximum traveling time/distance for user preferences and needs of 



temporal importance (e.g., what is considered "near" to the user), 
user demographic information (e.g., purchasing history, income, 
residential address, age, sex, ethnicity, marital status, family 
statistics such as number of child and their ages), and merchant 
preferences/preclusions (e.g., user prefers one restaurant chain over 
another, or the user wants no advertisements from a particular 
merchant). 

e. User ad selection engine: This module selects advertisements that 
are deemed appropriate to the user's preferences and needs. In 
particular, this module determines the categories and presentation 
order of advertisements to be presented to the user. To perform this 
task, the user ad selection engine uses a user's profile information 
(from the user profile database), a current user request (via the user 
ad advisor), and/or the user's current geolocation (via the interface . 
to the location gateway 142). Thus, for a user requesting the 
location of an Italian restaurant within Vz mile of the user's current 
location, in a medium price range, and accepting out of town 
checks, the user ad selection engine, identifies the ad criteria within 
the user's request, and determines the advertising categories (and/or 
values thereof) from which advertisements are desired. In one 
embodiment. 

Note that the user ad selection engine can suggest advertisement 
categories and/or values thereto to the user if requested to do so. 
When an MS 140 appears to be traveling an extended distance through a 
plurality of areas (as determined, e.g., by recent MS locations along an interstate that 
traverse a plurality of areas), then upon entering each new area having a new collection 
of location registrations (and possibly a new location registration wizard) may be 
provided. For example, a new defauh set of local location registrations may become 
available to the user. Accordingly, the user may be notified that new temporary 
location registrations are available for the MS user to access if desired. For example. 



such notification may be a color change on a video display indicating that new 
temporary registrations are available. Moreover, if the MS user has a personal profile 
that also is accessible by a location registration wizard, then the wizard may provide 
advertising for local businesses and services that are expected to better meet the MS 
5 user's tastes and needs. Thus, if such wizard knows that the MS user prefers fine 
Italian food but does not want to travel more than 20 minutes by auto from his/her 
hotel to reach a restaurant, then advertisements for restaurants satisfying such criteria 
will become available to the user However, MS users may also remain anonymous to 
such wizards, wherein the 

10 Note, that by retaining MS user preferences and needs, if permission is 

provided, e.g., for anonymously capturing such user information, this information 
could be provided to merchants. Thus, merchants can get an understanding of what 
nearby MS user's would like to purchase (and under what conditions, e.g., an electric 
fan for less than $10). Note such user's may be traveling through the area, or user's 

15 may live nearby. Accordingly, it is a feature of the present invention to provide 

. merchant's with MS user preferences and needs according to whether the MS user is a 
passerby or lives nearby so that the merchant can better target his/her advertising. 

In one embodiment, a single wizard may be used over the coverage area of a 
CMRS and the database of local businesses and services changes as the MS user 

20 travels from one location registration area to another. Moreover, such a wizard may 
determine the frequency and when requests for MS locations are provided to the 
gateway 142. For example, such databases of local businesses and services may be 
coincident with LATA boundaries. Additionally, the wizard may take into account the 
direction and roadway the MS 140 is traveling so that, e.g., only businesses within a 

25 predetermined area and preferably in the direction of travel of the MS 140 are 
candidates to have advertising displayed to the MS user. 

Points of Interest Applications 



The invention can used for sight seeing guided tours where the invention is 
interactive depending on feedback from users. Such interactivity being both verba! 
descriptions and directions to points of interest. 

Security A pplications 

The invention may provide Internet picture capture with real time voice capture 
and location information for sightseeing, and/or security. 

The foregoing description of preferred embodiments of the present invention has 
been provided for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise forms disclosed herein. 
Modifications and variations commensurate with the description herein will be 
apparent those skilled in the art arid are intended to be within the scope of the present 
invention to the extent permitted by the relevant art. The embodunents provided are 
for enabling others skilled in the art to understand the invention, its various 
embodiments and modifications as are suited for uses contemplated. It is intended 
that the scope of the invention be defined by the following claims and their 
equivalents. 



What is claimed is : 

1. A method for locating a mobile station using wireless signal measurements 
obtained from transmissions between said mobile station and a plurality of fixed, 
location communication stations, wherein each of said communications stations 
5 includes one or more of a transmitter and a receiver for wirelessly communicating with 
said mobile station, comprising; 

providing first and second mobile station location evaluators, wherein said 
location e valuators determine information related to one or more location estimates of 
said mobile station when said location estimators are supplied with data having values 
10 obtained from wireless signal measurements obtained via transmissions between said 
mobile station and the communication stations, wherein: 

(A) said first location evaluator performs one or more of the following . 
techniques (i), (ii) and (iii) when supplied with a corresponding 
instance of said data: 

15 (i) a first technique for determining, for at least one of the 

communication stations, one of: a distance, and a time difference of 
arrival between the mobile station and the communication station, 
wherein said first technique estimates a time of arrival (TOA) of a 
received signal relative to a time reference at each one of a plurality of 

20 wireless signal monitoring stations using an inverse transform whose 

resolution is greater than Rayieigh resolution; 

(ii) a second technique for estimating a location of said mobile 
station, using values from a corresponding instance of said data 
obtained from signals received by the mobile station from one or more 

25 satellites; 

(iii) a third technique for recognizing a pattern of characteristics of a 
corresponding instance of said data, wherein said pattern of 
characteristics is indicative of a plurality of wireless signal 
transmission paths between the mobile station and each of one or more 

30 of the communication stations; and 



(iv) a fourth technique for estimating a location of said mobile 
station using a USW model, wherein the following steps (a) - (d) are 
performed: 

(e) receiving at an antenna array provided at one of the communication 
stations, signals originating from the mobile station, wherein the signals 
comprise p-dimensional array vectors sampled from p antennas of the 
array; 

(f) determining from the received signals, a signal signature, wherein the 
signal signature comprises a measured subspace, wherein the array vectors 
are approximately confined to the measured subspace; 

(g) comparing the signal signature to a database comprising calibrated signal 
signatures and corresponding location data, wherein the comparing 
comprises calculating differences between the measured subspace and 
calibrated subspaces; and 

(h) selecting from the database a most likely calibrated signal signature and a 
corresponding most likely location of the mobile station by using the 
calculated differences; 

(v) a fifth technique for estimating a location of said mobile station 
using an E model, wherein the following steps (a) - (e) are performed: 

a. receiving, at a multiplicity of the communication stations, a 
signal transmitted by the mobile station; 

b. forwarding, by each of a multiplicity of the communication 
stations, said received signal and timing information to a 
central processing center; 

c. calculating, within said central processing center, a time 
difference of arrival (TDOA) location estimate of said 
mobile station based upon said timing information; 

d. calculating, within said central processing center, a timing 
advance (TA) location estimate of said mobile station based 
upon said timing information; and 



e. determining said position of said mobile station using said 
TDOA and TA location estimates; 
(vi) a sixth technique for estimating a location of said mobile station 
using an ST model, wherein the following steps (a) - (e) are 
performed: 

a. receiving, in a SPS receiver co-located with the mobile . 
station, SPS signals from at least one SPS satellite; 

b: transmitting cell based communication signals between: 
a communications systeni having a first of, the 
communication stations coupled to said SPS ^receiver, 
and a second of the communication stations which is 
remotely positioned relative to said mobile station, 
wherein said cell based communication signals are 
wireless; . 

c. determining a first time measurement which represents a 
time of travel of a message in said cell based 
communication signals in a cell based communication 
system having at least some of the communication 
stations which comprises said second communication 
station and said communication system; 

d. determining a second time measurement which 
represents a time of travel of said SPS signals; 

e. determining a position of said mobile station from at 
least said first time measurement and said second time 
measurement, wherein said cell based communication 
signals are capable of communicating data messages in a 
two-way direction between said first cell based 
transceiver and said communication systeni; 



(vii) a seventh technique for estimating a location of said mobile 
station using an TE model, wherein the following steps (a) - (1) are 
performed: 

a. transmitting from said mobile station M samples of a 
signal; 

b. receiving at one of the commimi cation stations, said M 
samples together with multipath components and noise; 

c. determining an estimated channel power profile for each 
of said M samples; 

d. selecting a first set of N samples from said M samples; 

e. perfomiing incoherent integration for said estimated 
channel power profiles for said first set of N sariiples to 
form a first integrated signal; 

f. if a quality level of said first integrated signal with 
respect to signal to noise is less than a predetermined 
threshold, selecting another sample from said M 
samples; 

g. performing incoherent integration for said estimated 
channel power profiles for said first set of N samples 
and said another sample to form a second integrated 
signal; 

h. if a quality level of said second integrated signal with 
respect to signal to noise is greater than or equal to said 
predetermined threshold, determining a time-of-arrival 
of a maximum level of said second integrated signal; 

i. entering said time-of-arrival into a time-of-arrival versus 
frequency of occurrence array; 

j. selecting a second set of N samples &om said M 
samples; 



k. repeating all of said performing through said entering 
steps for said second set of N samples; and 

1. determining a minimum value estimated time-of-arrival 
from said array; 

(viii) an eighth technique for estimating a location of said mobile 
station using an SigT model, wherein the following steps (a) - (e) are 
performed: 

a. within the mobile station, transmitting a locating signal 
composed of at least two tone components; 

b- within each of a plurality of the communication stations, 
receiving the locating signal at one or more antennas, 
and within at least one of the communication stations, 
receiving the locating signal with at least two antennas; 

c. coupling each antenna to a receiver; 

d. within each receiver, generating amplitude and phase 
values from the locating signal as received by the 
antenna, the values indicative of amplitude and phase of 
at least two tone components of the locating signal, as 
received at the corresponding antenna and measured at 
defined times; and 

e. combining the values indicative of amplitude and phase 
for the tone components from a plurality of the receivers 
to determine the position of the mobile station; 

(ix) an ninth technique for . estimating a location of said mobile 
station using a TLME model, wherein the following steps (a) - (h) are 
peiibrmed therefor in a mobile radio system providing at least some of 
the conmiuni cation stations, said mobile radio system including a 
network controller and at least three of the communication stations, 
each of said at least three communication stations including an uplink 
TOA measuring unit operable to communicate with said network 



controller, a control unit, and a time reference unit operable to provide 
timing reference signals to said uplink TOA measuring unit, at least 
one of said at least three communcation stations co-located with and 
connected to a second mobile station, said second mobile station 
coupled to said network controller via a radio interface, and a service 
node operable to store known positions of at least two of said at least 
three communication stations: 

a. receiving a request in said mobile radio system to 
determine the geographical position of said mobile 
station; 

b. determining and reporting the position of said second 
mobile station to said service node; 

c. directing said mobile station to transmit digital signals 
uplink on a traffic channel when said mobile station is 
not transmitting or transmitting only analog signals; 

d. measuring in each uplink TOA measuring unit an uplink 
TOA of the digital signals transmitted by the mobile 
station; 

e. receiving in said network controller said uplink TOA 
measurements from said at least three communication 
stations and a traffic channel number to said traffic 
channel; 

f translating said traffic channel number to an identity of 
said mobile station; 

g. conveying said uplink TOA measurements and said 
mobile station identity to said service node; and 

h. calculating in said service node the position of said 
mobile station using said known positions of said at least 
three communication stations and said uplink TOA 
measurements; 



(x) a tenth technique for estimating a location of said mobile station 
using an N model, wherein the following steps (a) — (d) are performed: 

a. receiving global positioning system satellite (GPS) 
signals from a plurality of global positioning system 
satellites; 

b. receiving a plurahty of cellular position signals that do 
not contain data in a GPS-hke format; 

c. calculating the geographic position of the mobile station 
using said received global positioning system satellite 
signals when a requisite number of the plurality of 
global positioning system satellites are in view of a 
global positioning system receiver; and 

d. calculating the geographic position of the mobile station 
using both said ■ received plurality of cellular position 
signals and substantially all of said received global 
positioning system satellite signals when the requisite 
number of the plurality of global positioning system 
satellites are not in view of the global positioning system 
receiver; 

(B) for at least a particular one of said techniques performed by said first 
location estimator, said second location e valuator performs a different 
one of said techniques when supplied with a corresponding instance of 
said data for the different technique; 

first generating, by said first location estimator, first location related 
information that is dependent upon an availability of a first corresponding, 
instance of said data; 

second generating, by said second location evaluator, second location 
related information that is dependent upon an availability of a second 
corresponding instance of said data; 



determining a resulting location estimate of the mobile station 
dependent upon at least one of: (a) a first value obtained from said first 
location related information, and (b) a second value obtained from said second 
location related information. 

5 

2. A method as claimed in Claim 1, wherein said steps of Claim 1 are performed 
, for a single emergency response request. 

3. A method as claimed in Claim 1, further including a step of outputting, to an 
10 emergency response center, said resulting location estimate of said mobile station in 

response to said emergency response request. 

4. A method for locating a mobile station using wireless signal measurements 
obtained from transmissions between said mobile station and a plurality of fixed 
15 location communication stations, wherein each of said communications stations 
includes one or more of a transmitter and a receiver for wirelessly communicating with 
said mobile station, comprising: 

providing first and second mobile station location evaluators, wherein said 
location evaluators determine information related to one or more location estimates of 
20 said mobile station when said location estimators are supplied with data having values 
obtained from wireless signal measurements obtained via transmissions between said 
mobile station and the communication stations, wherein: 

(A) said first location evaluator performs one or more of the following 
techniques (i), (ii) and (iii) when supplied with a corresponding 
25 ' instance of said data: 

(i) a first technique for determining, for at least one of the 
conimunication stations, one of: a distance, and a time difference of 
arrival between the mobile station and the cornmunication station, 
wherein said first technique estimates a time of arrival (TOA) of a 
30' received signal relative to a time reference at each one of a plurality of 



wireless signal monitoring stations using an inverse transform whose 
resolution is greater than Rayleigh resolution; 

(ii) a second technique for estimating a location of said mobile 
station, using values from a corresponding instance of said data 
obtained from signals received by the mobile station from one or more 
satellites; 

(iii) a third technique for recognizing a pattem of characteristics of a 
corresponding instance of said data, wherein said pattem of 
characteristics is indicative of a plurality of wireless signal transmission 
paths between the mobile station and each of one or more of the 
communication stations; and 

(B) for at least a particular one of said techniques performed by said first 
location estimator, said second location evaluator performs a different one of 
said techniques when supplied with a corresponding instance of said data for 
the different technique; 

first generating, by said first location estimator, first location related 
information using an available first corresponding instance of said data; 

second generating, by said second location evaluator, second location 
related information using an available second corresponding instance of said 
data; 

determining a resulting location estimate of the mobile station 
dependent upon at least one of: (a) a first value obtained from said first 
location related information, and (b) a second value obtained from said second 
location related information. 

5. The method as claimed in Claim 4, wherein one or more of said mobile station 
location e valuators generates a location estimate of said mobile station. 



6. The method as claimed in Claim 4, .wherein said mobile station is co-located 
with a processor for activating at least one of said location estimators. 



ABSTRACT 



A location system is disclosed for commercial wireless telecommunication 
infrastructures. The system, is an end-to-end solution having one or more location 
5 centers for outputting requested locations of commercially available handsets or 
mobile stations (MS) based on, e.g., CDMA, AMPS, NAMPS or TDMA : 
communication standards, for processing both local MS location requests and more 
global MS location requests via, e.g., Internet communication between a distributed 
network of location centers. The system uses a plurality of MS locating technologies 

10 including those based on: (1) two-way TOA and TDOA; (2) pattern recognition ; (3) 
distributed antenna provisioning; (5) GPS signals, (6) angle of arrival, (7) super 
resolution enhancements, and (8) supplemental information from various types of very 
low cost non-infrastructure base stations for communicating via a typical commercial 
wireless base station infrastructure or a public telephone switching network. 

15 Accordingly, the traditional MS location difficulties, such as multipath, poor location 
accuracy and poor coverage are alleviated via such technologies in combination with 
strategies for: (a) automatically adapting and calibrating system performance 
according to environmental and geographical, changes; (b) automatically capturing 
location signal data for continual enhancement of a self-maintaining historical data 

20 base retaining predictive location signal data; (c) evaluating MS locations according 
to both heuristics and constraints related to, e.g., terrain, MS velocity and MS path 
extrapolation from tracking and (d) adjusting likely MS locations adaptively and 
statistically so that the system becomes progressively more comprehensive and 
accurate. Further, the system can be modularly configured for use in location signaling 

25 environments ranging from urban, dense urban, suburban, rural, mountain to low 
traffic or isolated roadways. Accordingly, the system is useful for 91 1 emergency 
calls, tracking, routing, people and animal location including applications for 
confinement to arid exclusion from certain areas. 
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Fig. 6(1) 



LOCATION CENTER 142 



SIGNAL PROCESSING 
SUBSYSTEM 

1. SIGNAL FILTERING 
AND INPUT LOCATION 
DATA STRUCTURE 
CREATION 



-1220 



VERIFIED LOCATION SIGNATURE - 



LOCATION CENTER 
CONTROL SUBSYSTEM 
1350 



SUPERVISOR 

1. CONTROLS LOCATION 
ESTIMATION SYSTEM; 

2. DETERMINES CONTEXT 
OR STATE OF LOCATION 
PROBLEM; E.G.. FIRST 
OR SECOND SET OF 
MEASUREMENTS FOR 
MS; 

3. DETERMINES 
APPROPRIATE REPLIES 
TO BSs; 

4. NOTE S"HEALTH"OF BS 
MEASUREMENTS. 



FIRST ORDER LOCATION MODELS 1224 

(INCLUDES DISTINCT MS LOCATION 
MODELS THAT OUTPUT LOCATION 
HYPOTHESES) 



LOCATION ENGINE 139 



PERFORMANCE DATA BASE 

1.DATA HERE IS USED WITH THE 
ADAPTATION ENGINE (E.G.. FOR TUNING 
THE CONTEXT ADJUSTER). 








* 






ADAPTATION ENGINE 

1. BACKGROUND PROCESS TO 
ADAPTIVELYTUNE THE 
LOCATION ENGINE 139; 

2. USES STORED DATA TO . 
ADJUST SYSTEM 
PARAMETERS ACCORDING 
TO PAST PERFORMANCES; 

3. GENERAL PURPOSE, USES 
NO DOMAIN KNOWLEDGE 
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0U1PUTGATB/VAY(T0 DESIGNATED 
LOCATION APPUCATK)NS) 
1.DETERMINES THE APPLICATIONS 
RECEIVING OUTPUT AND THE 
FREQUENCY OF OUTPUT TO EACH 
APPLICATION 



FIG 6(2) 



LOCATION CENTER 142 



LOCATION ENGINE 139 



NEURAL NET TRAINING DATA BASE 



ENVIRONMENTAL DATA BASE 
1354 

1.ST0RES CURRENT WEATHER. 

TRAFFIC ETC CONDITIONS. 

2.USED BY CONTEXT ADJUSTER 
1326. ANALYTICAL REASONER 
1416 & MAY BE FOMs. 1224 



AREA CHARACTERISTICS 
DATABASE 1450 



PATHWAY DATA BASE 



HYPOTHESIS EVALUATOR 1228 



CONTEXT ADJUSTER 1326 

1 .ADJUSTS THE CONFIDENCE AND/OR AREA FIELWDF LOCATION 
HYPOTHESES OUTPUT BY FIRST ORDER MODELS TO OBTAIN MORE RELIABLE 
TARGET MS ESTIMATES USING VERIFIED LOCATION SIGNATURE CLUSTERS 
IN THE LOCATION SIGNATURE DATABASE. 

2.IN ONE EMBODIMENT. THIS MODULE MODIFIES A TARGET MS LOCATION IN 
RELATION TO VARIOUS ENVIRONMENTAL CHARACTERISTICS SUCH AS: THE 
GEOGRAPHICAL AREA (TYPE) ASSOCIATED WITH A LOCATION HYPOTHESIS. 
WEATHER, TIME OF DAY, SEASON. TRAFFIC. ETC; 

3. IN ONE EMBODIMENT. MAY USE HEURISTIC (FUZZY LOGIC) RULES TO ADJUST 
THE CONFIDENCE VALUES; 

4. IN ONE EMBODIMENT, MAY ALSO USE EXPERT SYSTEM RULES FOR 
ADJUSTING CONRDENCESDUETOBSFAILUFeS], 

5. FOR LBSs (FIXED LOCATION TRANSCEIVERS). MAY USE OUTPUT FROM THE 
FIRST ORDER MODELS FOR SUCH TRANSCEIVERS AS A WAY TO CALIBRATE 
LOCATION HYPOTHESIS DEFAULT CONFIDENCE VALUES OF OTHER FOMs. 



LOCATION ESTIMATOR 

1. RECEIVES RESULTING 
LOCATION 
HYPOTHESES (WITH 
HIGHEST 

CONFIDENCES) AND 
ATTEMPTS TO OUTPUT 
A SINGLE (SET OF . 
NESTED) AREA(S) 
WITH PROBABILITIES 
ASSOCIATED WITH 
EACH AREA. 



LOCATION HYPOTHESIS ANALYZER 
1332 

(INCLUDES BLAUTBOARD AND/OR 
EXPERT SYSTEM) 



1344 ■ 



1338 ■ 



MS STATUS REPOSITORY (RUN-TIME TRACKING) 

1. RUN-TIME STORAGE FOR PREVIOUS TARGET MS 
PATH OR TRACKING DATA; E.G., PREVIOUS 
TARGET MS LOCATION HYPOTHESES & LOCATION 
PREDICTIONS FOR RECENTLY LOCATED MSs; E.G., 
MS PATHS MAY BE STORED HERE FOR USE IN 
EXTRAPOLATING A NEW MS LOCATION ESTIMATE. 

2. LOG CONTEXT OR STATE OF A TARGET MS 
LOCATION PROBLEM; EG. FIRST OR SECOND SET 
OF MEASUREMENTS FOR TARGET MS. 



FIG 6(3) 



LOCATION CENTER 142 

LOCATION ENGINE 139 



LOCATION SIGNATURE DATABASE 

,1.ST0RES CDMA SIGNAL CHARACTERISTICS FOR VERIFIED 
LOCATIONS (E.G., LOCATION SIGNATURES OR LOG SIGS); 

2. EACH LOG SIG ALLOWS ACCESS TO; MS LAT-LONG, BS ID, 
POWER LEVELS (BS AND MS), TIME/DATE STAMP. 
ENVIRONMENTAL MEASUREMENTS INDICATING; E.G., RF 
BACKGROUND NOISE. MULTIPATH. DENSE URBAN. 
URBAN. SUBURBAN, RURAL, MOUNTAIN, WEATHER, 
TRAFFIC. AND A CONFIDENCE VALUE FOR THE LOC SIG. 

3.SUPP0RTED RETRIEVALS: BY GEOGRAPHICAL AREA. BY 
BS ID. BY ENVIRONMENTAL MEASUREMENT 
CLASSIFICATIONS. BY TIME/DATE RANGE. 

4. LOC SIGS INPUT FROM 2 SOURCES: FIXED LOCATION MSS 
(E.G., LBS'S, 12 LOC SIGS/LBS/DAY FOR A YEAR). OTHER 
VERIFIED SOURCES PROVIDED BY A MBS 148 OR 
ANOTHER UNIT HAVING LOCATION VERIFICATION 

. FUNCTIONALITY; E.G.. POLICE, AMBULANCES. BUSES, 
TAXIS. 
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THIRD PARTY (INTERNET) ACCESSIBLE 
APPLICATIONS &. SERVICES 



CARRIER ENDORSED SERVICES 
(APPLICATIONS ACCESSABLE AND 
PROMOTED BY CARRIER) 
"T^y 



CARRIER PRIVATE 
LABEL INTERNET 
APPLICATIONS & 
SERVICES 
(SUPPORTED BY 
CARRIER'S . ■ 
NETWORK & SERVICE 
INFRASTRUCTURE) 



WIRELESS LOCATION 
SERVICE PROVIDERS 



WIRELESS 




LOCATION 




GATEWAY 





CARRIER PRIVATE 
LABEL SUPPORTED 
NON-INTERNET 
APPLICATIONS & 
SERVICES 
(SUPPORTED BY 
CARRIER'S 
NETWORK & 
SERVICE 

INFRASTRUCTURE) 




LOCATION 
DATABASES 



APPLICATIONS & 
SERVICES PROVIDED AND 
MAINTAINED BY THE 
CARRIER; E.G., 

1. YELLOW PAGES 
(PAPER & 
INTERNET) 

2. 911 EMERGENCY 

3. 411 INfFORMATION 
SERVICES 

4. ROAMING SERVICES 



USER 



USER 



USER 



Fig. 20 



RECEIVE REQUEST FROM USER, AND 
IF NECESSARY DECRYPT REQUEST 



AUTOMATIC EVENT 
TRIGGERED REQUEST 



LOG WIRELESS REQUEST 



IF NOT ALREADY 
DETERMINED, DETERMINE 
THE APPLICATION TO WHICH 
THE REQUEST IS DIRECTED. 




IS THE REQUEST 
A 911 CALL? 



•2?/^NO 

YES 



PERFORM 911 
PROTOCOL STEPS 

cr^ 



IDENTIFY THE USER AND 
RETRIEVE CUSTOMER CARE 
PROFILE DATA FOR THE USER 
RELATED TO: (A) THE 
CURRENT REQUEST (FROM 
HLR, VLR, OR HLR OF 
ANOTHER CARRIER). AND/OR 
(B) THE APPLICATION. 



zzz* 



APPLICATION ACCESS INITIAL-IZATION 
IDENTIFrES & OBTAINS APPLICATION . 
INITIALIZATION DATA, INITIALIZES BILLING 
SYSTEM TO BILL FOR APPLICATION, STORES (IF 
APPR0PR1A.TE) APPLICATION REQUEST 
DESCRIPTION DATA IN APPLICATION 
REQUIREMENTS MNGMT SYSTEM. 



NO 



-2 23-2, 



THE APPLICATION CONTROLLER: 
(A) PARSES THE REQUEST FOR IDENTIFYING 
APPLICATION RELATED DATA; (B) PRIORITIZES 
APPLICATION REQUESTS ACCORDING TO, E.G., 
APPLICATION PERFORMANCE DATA; AND (C) IF 
NEEDED, DETERMINES APPLICATION ACCESS PATH, 
&/0R ACTIVATES THE REQUEST PROVISIONING 
SYSTEM FOR DETERMINING/ALLOCATING 
NETWORK RESOURCES. 



^ IS THE APPLICATION 
_/ \ KNOWN TO THE 
PLATFORM? 



IS THERE AUTHORIZATION 
(BILLING OR OTHERWISE) 
FOR PERFORMING THE 
REQUEST? 




'\22Vy 



INFORM USER THAT THE 
REQUEST CANNOT BE 
FULFILLED. 



ACCESS THE APPLICATION REQUIREMENTS DATA 
MANAGEMEjSfT SYSTEM TO DETERMINE WHAT ACTIVATIONS 
IN APPLICATION NETWORK SERVICES ARE REQUIRED BY THE 
CURRENT REQUEST (E.G., LOCATION SERVICES. CALL BACK 
SERVICES, CALL FORWARD SERVICES, INTERNET ACCESS, 
CONFERENCE CALL SERVICES. SMS, ETC.), AND DETERMINE 
HOW OUTPUT FROM SUCH NETWORK SERVICES ARE TO BE 
PROVIDED TO THE APPLICATION. 



Fig. 22 



WAIT FOR AVAILABILITY 




AND/OR NOTIFY THE USER OF 




DELAY AND/OR 




UNAVAILABILITY. 






ARE THESE NETWORK 
RESOURCES 
AVAILABLE? 

YES y 



ALLOCATE NETWORK RESOURCES AND ACTIVATE THE 
REQUIRED APPLICATIONS CONNECTED TO THE PLATFORM. 



